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VASCULAR EMD0THEL:AL GRCWTH rACTC-R 

ba::kgrcu:'JRi or the :rp/ention 

:n multicellular animals, cell growt:-, 

Mere:i:: ia*i i:: u, aud Tiigramou are controlled bv 
R- -O^sptcae grcwtn r actors . These growth factors play a 
---■le in bo tin normal aevelopment and pathogenesis , 
cncludrnc tiie oeveiopnent oz solid tumc-rs . 

P;:.>lypeptrde growth factors influence cellular 
events oy otnding to cell -surface receptors, many of whxch 
are tyrosine kinases. Binding initiates a chain of 

signalling e'/ents within the cell , which ultimately 
results in pnenotypic changes , such as cell division, 
or c» tease prcductic^n, and cell migration. 

Growth factors can be classified into families 
on the basis c^f structural similarities. One such family, 
the PDGR (piatelet derived growth factor!* family, is 
oharacterizeo by a dimeric structure stabilized by 
oisulfiae oonds. This family includes ?CGF, placental 
growtn factor ';rGF; , and the vascular endothelial growth 
factors (VSGFs) . Three vascular endothelial growth 

factors have been identified: VEGF, also known as vascular 
permeability factor (Dvorak et al . , Am. J. Pathol, 
1^:1029-1039, 1955;,- VRGF-B (Olofsson et al . , Proc . Nad. 
Acad. Roc. USA 90 : Z 5 6 7 - 2 5 5 1 , 199c; Ha\-^ard et al . , v;T?G 
Ruolicaticn WO 96/2^:07^; and VEGR-C (Roukcv et al . , EMEC 
11 " - ,. ro;.r Vr:;r i. c lypent laes (ill. i^^^ ,. 

R-'^ and 2 rrr..::: - ^icics; ar:..^e ::r-?m alte-ciaMv- splicin^-.: 

■■■ ' - O'l REGR mRMA . 

^ ct :.:-:":U late toe .^e v- R^pment l '/ascuiature 
thi-jugh a process Known as an a i cgene s i s , wherein vascular 
ondotnelial ce^ls re-enter the cell cycle , degraae 
■ -oo-r Lv^ng r: -is --men'. rremorane , -^i:: i micrat^: t -) form n-w 



\V()')8;24811 



.fcr-uts. 7::ese --^1^3 then ai f f -r^nriate . .Eir:c 
:::a~ur- :=re tcr-ed, Th^s process of grcv;t:n and 

o.^ I r ereno 1 at: o on lo negn^acod fcy a o a lance pr o - anan ogeni c 
and anno - onaoogenic focoors. Anciogenesis ^a cenoral no 
ro;ma. foo-niOi:.n ana repaon of oissue, occuring on ombrv.: 
aevelopmeno and wound healong. Angicgenes is is also ^ 
z aoton on. one development of certaon doseases , including 
s.oloa tur:crs, rheumatcid arthritis, diabetic retinopathy, 
'■naculao dO'cenerat ion , and at hereon leros is . 

The role of growth factors in controllong 
rellular processes makes tnem likely candidates and 
*:argeto for cherapeutio intervention. ?1 atelet - derived 

growtn lactor, for example, has been disclosed for the 
treatment of periodontal disease ilT s. Patent No. 
5,124,316;.' and gastrointestinal ulcers (U.S. Patent No. 
5,234,908; . Inhobition of ?DG? receptor actovity has been 
shown to reduce mtimal nyperplasia in injured baboon 
arteries ^Giese et al . , Restenosis Summit VIII, Pester 
Session ?i23, 1996). Vascular endothelial growth factors 
;VEGF3; have been shown to promote the growth of blood 
o-essels in ischemoc limbs {Isner et al . , The Lancet 
3^:373 -374, 1996;, and have oeen proposed for use as 
wound-healmg agents, for treatment of periodontal 
disease, for promotrng endothe 1 lali zat xcn on vascular 
graft surgery, and for prom.ct mg collateral circulation 
following myocardial onfarction (WIPG Publication No. WO 
35 /24473 ; U.S. Patent No. 5,219,739;). VEGFs are also 
^seful for promoting the growth of vascular endothelial 
cells m culture. A soluble VEGP receptor isciuble flt-i;' 
has been found to olccr; bindina of '/EGF to :-;:e 1 1 - surf ^ 
■^G'-'-io :no:i i LnnLci*: too growio .j i vasou^or ti.ssn- m 
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S UMr^L^^K Y OF THE I :^iVE:\ T I ON 

Ai-ni.n one ".spec^, cf ::he present mventiicn r.here 
^r- pro viced i-clatei polypeptides ooxprismg a sequence 
: on- no aci o reoidueo onao is ot leaso 80 o icenoiccl m 
online aooc oequence oo residues 1 i 3 rc 197 cf S2Q ID NO : 2, 
voce re on th^ polypept ices domerize to f oroi hcmodomerio or 
rieteroaimerio proteins that are ni oogenic for f ihroo^asto 
0^ snoootn niuscle oeils . Within one eniooaiment of t ne 
invention , one polypepL ides are at ^east 9 0% identical m 
..-^mc acid sequence to resiaues 109 to 107 of SHC 10 NO : 2 . 
Within another et^X'OCiment , the polypeptides f urtner 
ocioprise a ^albiani ring motif larnoxyl - ternmal to one 
.^^^-quence of artino acid residues. ^^^xtnin aaditional 

err.codinents the polypeptides comprise a sequence of amino 
acid residues as shown in SEQ ID NO : 2 selected from the 
group consisting of residues 115^205, residues 6 5-205 , 
residues 22 -2 05 , residues 1-205 , residues 113 - 354 , 
residues 85-354, residues 22-354, and residues 1-354. The 
polyp-eptides may further com.prise an affinity tag such as, 
for exam.ple, polyhist idine , protein A, glutathione S 
transferase, substance 0, cr an imm.unoglobulin heavy chain 
constant i-egion . 

Within a second aspect of the invention there 
are provided isolated protein dirr,ers havinq two 
pol>^eptide cnams as disclosed above , wherein the 
proteins are mitogenic for fibroblasts or smooth muscle 
cells. The proteins include hetercdimers and nomcdimers 
c> f t he polypept ides dis c 1 osed above . 

Wi.tnin a "nird aspeoo f tn-. :oroention tnere '\rr^ 
:no vioeu o o : yo e le o troouo^d r: y o r->roh:oi oo!:q:rionoo - 
olops .or 01 : iu^rv:rino .x oell ^-cr.tainina a OIOA oono-iu:;t 
-o-r-rioin-: -no r-i :ow;oc or-;---Oy 1 mkv: v^-roento; 
t: ■ inscription promoter; a TjKA seament encoding a 
p = lyp-^ptid-^r that ^s at ■ ^ast 3 00 ident ical to the amine 
ii-d sequence or OEO 10' NO : 2 :u;cm residue 22 to resici;e 
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:i-a r: r 7^- s c rip ci n ^ ern:ina*: or ; ~,-d so 1 - r ng t:::e 

cclyrepcide enooaed by ohe CNA s-gmeno and produce i cv tne 
■ Wionro one eTbodoment, ohe DMA ccn^oruco furtiher 
oor-.prrses a secretory 3 ignal se quenoe ope rah ly Irnked oo 
segnieno . Wionrn anotner embed inent: , the DXA 

eeynnent enooces a pol\^peptrde that le at least 9Z°?i 
■^aentr oat on axino acr d sequence to residues 2 2 to 3 54 of 
^ C 1 - M 3 : 2 . r t n o n a f u r t h e r e rnbc-a o m e n t , t r:e DKA s e gme n t 
en(o:^des a polypeptrde tnat 13 ao least 95o Identrcal on 
1 a X 1 ri'O ac r d s e que n ce to resi due s 2 2 to 3 5 4 of; S E ^ 21' NC : 2 

Wionon a fourth aspect , the invention provides 
dimeric proteins produced by a method conprismg one steps 
ct ( a ) culturmg a cell ccntaming a CNA construct 
cci:ipi Isrng one t oliowmg cperajoly linked elements : a 
25 transcription promoter; a secretory signal sequence,- a 21:a. 
segrr.ent encoding a polypeptide that is at least 3 3% 
identical to the ammo acid sequence of SEQ 2E' NC : 2 from 
residue 22 to residue 354; and a transcription terniinatcr, 
^vhereby the 2'NA segrp.ent is expressed and toe polypeptide 
20 is dinr.erized to fcrx a dimeric protein, and (b; isolaoing 
the dineric protein from the cell. Within one embodiment, 
the DXA segment encodes a polypeptide that is at least 92% 
identical in am.inc acid sequence to residues 2 2 to 3 54 of 
SEQ 2D N0:2. Within another embodiment, the DKA segment 
25 encodes a polypeptide that 13 at least 95% identical m 
ammo acid sequence to residues 22 to 354 of SEQ ID N O ; 2 . 

Within a fifth aspect, the invention provides an 
isolated polynuc leC'tide encoding a po l^/oep t ide as 
cisclosed above . Wiohin one embodiment , tne 

12 oolynucleotid^. 10 INA. Wiohm mother --miaiment, tne 



!- ^V'^'-^-^i-^-tio^ rr-:-i - • base rairo m 2 5:2 ;.ao- r-^iro 

in ..ogtn. 

------- ^ -v:-o:., o^ioeot ic^ -;v._cm .ui tnv.re . o^ 

piovidec expression vectors ^vnicn oomrrioe the following 
cperaoly linked oloments : a trans 01 ipt ion promoter ; a DI2A 
segment encoding a p<-:b ypep t ide as disc2osed ;oove ; and ^ 
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'\ransi:rip::.:^:-: -erxi-azor . The -i^xp r-s 3 1 1 vectcrc n.ay 

::._.rt.ner v:cTiprise ^ secret:or\^ signal sequence Joerai:l\.' 
linked the n-:A segment . 

Wmnzn a seventh aspect nt the mventtcn there 
IS nrtviaed a cultured cell cntt whrcn nas oeen intrcaucea 
an enpressccn vector as drsclcsed above, wherein sard cell 
expresses tne DNA segment and produces a polypeptide 
-needed by tne DNA segment. Within one embodiment, tne 
expression vector comprises a secretory signal sequence 
10 operably Imxed tc tne UNA segment, and the cell expresses 
z::^ DNA segment and secretes a polypeptide encoded by che 
D::a segment m the form of a dim.eric P'rctein. 

W 1 1 ni n a ad ^ t i o n a 1 aspects c i the i n ve n tic n t ne r e 
are p^u'v^ut-d an l1 bodies tnat specitically bind to the 
15 polypeptides and protein dimers disclosed above. 

A f urtner aspect of the invent ion provides a 
method of promoting cell growth, comprising incubating 
eukaryctic cells in a culture medium comprising a dimeric 
protein as disclosed above m an amount sufficient to 
2C stimulate mitogenesls in said cells. Within one 

embodiment , the cells are f iorobiasts or srr.coth muscle 
cells , 

An additional aspect of the present m^-ention 
provides methods for identifying antagonists of the 
25 dimerio proteins disclosed above. Within one embodimient, 
there is provided a method of identifying an inhibitor of 
cell mitogenesis , comprising providing cells responsive to 
a dim.eric protein as disclosed above , culturmg a first 
portion of the cells in the presence of the dimeric 
^ lur-i'iem, cul.iuring a second porticr: :: cne rolls in i 

i^rv-cenie tne dimeric protein ano n to:ir ^amp;^, and 

■■:ei-*ctina . decr-a.-r m a c-^llular r-irrons'? : :: ne c-. :iurii 

th- cells. Wionm a second emcodimenr , rnere _s provided 
^t a method of detecting a growt- laccor antagonist, 
o i::ip r i s in<^ ,i ssaying a test s amp 1 e for t h'- ab 1 1 i t v c ^i 
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These and ^ther aspecz:,^ c^f the nventior. will 
::ec3-n-r: --viae-- upon reference tj t::e fcllowrng detarled 
aescripricn rf rhe irventio:- and tne atitacnea dra'.v:.n9s . 

BRIEF ::e3cr:?t:::n or the drawings 

Fig. 1 IS Hopp/Wcods hydrcphi 1 1 r i r y profile et 
the zve^ff cretem seqi.ence snGv;n m SEQ IT NC ; J . The 
prcfiie 13 based an a shading six-residue wmdcv;, Buriea 
d, S, and T residues and exposed H, Y, and W residues were 
ignored . Tnese residues are indicated m tne figure oy 

I C'We r case letters. 

Tig . 2 illustrates a Wes Lern blot of recombinant 
zvegf2. Tane 1, ccnditic'ned media from control 

transfeoted cells. Lane 2, zvegf2-T conditioned nnedia . 
Tane 3, zvegf2-FT condttionec media. Tane 4, his -tagged 
KFL receptor, ICCO ng . Tane 5, his -tagged xMFL receptor, 
ICO ng. Lane b, hi s - 1 agged n:?L receptor, 10 ng . 

DETAITFD DESCRIPTION TF THE IWEXTION 

Trior to setting forth the invention in detail. 
It ncay be helpful to the understanding thereof to define 
the following terms: 

The tern "affinity tag" is used nerein ti- denote 
a peptide segment that can be attacned to a polypeptide to 
provide for purification of the polypeptide or provide 
sites for attachment of the polypeptide to a substrate. 
In principal, any peptide or protein for whion an antibody 

II o t n o r specific bind 

an affinity t a q . 
: : 1 -r^ 1 . :1 1 n t r c Z , p r :■ i 
\ : \ . 19e3 ; Milsc'-r 

■ ^'11 . jlucathione S ^r-ansferaoo :Smitn and Tohnsoo, Tene 
i":31. 1358-, s^ostance F, ~:^g'- peptide Ticpp et al . , 
^ i oZc-h:ic>lcjy h^ 1111-^111. 1933; available rrcm Euotnian 



mg agent is available can be used 
Airmit;' taos :o :lude c o 1 ■/ 

-1 T-1 1 1 o c : :. e t a 1 . , E:'JBC . .■ . 
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" ^" ':^::"^er ann igeni ? epizcpe omarng dc5na:.n . See , in 

■-^-neral Ford al . , Pi-rce^n E:-cprc.^si-ic:: ,und Pi:r:if ic^iizicn 

^ ' -V - 1 0 " , 13 31, wil 1 c r is 1 ncc rp o r a r e d lie re i n by 
rel-rrence. CIlAs encoci-q af iir^iy rags are available from 
eennercial saprliery (e.g., Pharnacia ~,_ct:sen, Piscaeaway, 

The eerrr. "al.leiie vareane " is usee }:ierein ec 
aeretie any ef" ev;c ci" xore aleernateve fcrmG of a gene 
eceapymg r:ne sane enrcrrc sona 1 locus. Al_el:.c variaoion 
arises naturally through nritanoon, and xay result in 
phienotypic poiyrnorpnosn v/ithm copulations . Gene 
:i:utao^ons can oe silent (no change tn the encoded 
poolypept ode ; or vriav ^ucuue polvT)ep tides navmg altered 
annono acid sequence. The term allelic variant is also 
used herein to denote a p rote on encoded by an allelic 
variant of a gene . 

The terms " annmo - terminal " and "carboxyl - 
terT.inal" are used nerem to denote positions within 
polypeptides and proteins. Where the context allov/s, 

these terms are used with reference to a particular 
sequence or portion of a polypeptide or protein to denote 
proximity or relative position . For example, a certain 
sequence positioned carboxyl - terminal to a reference 
sequence within a protein is located proximal to the 
carboxyl terminus of the reference sequence , but is not 
necessarily at the carboxyl ternmus of the complete 
protein. 

The term, "expression vector" is usea to denote a 
:'oi^ei-ir... e , i-Uoar ^i iiiivn:lai-, tnat i-ompi:. cos secrment 
■ --^^ og a no: yp-p-. id^- : t i nteoeoi iperib: y : : nko 1 t : 

: i 1 one . .^-?omen^ o - n.-q. pr iv i oe r i i ^ i s ^ rano ;:r ip 1 1 ::n . 

';id^tiin.^ o-:; ;iv-:o-i in ' Tioo ooumioi .inu lermLn^.toi 
oeqvionces, a no may also ^nciude one or more oriams of 
---p li tation , one or more selectable markers, an enhance-, 
oo: -yadenylat. ion oig:i.ri., etc. Expression vectors are 



wo 1 ^ PC T/rst)-' 20888 



rhe ::er- "_.:clat-a", vyhen apclif^^I rc a 
caly-uc^eaa^ae , ;i-anoi:es taat tne p a lynuc 1 ea t: ae haa been 
- raniGvod fra-n laa natural genetia nnilieu and ^a anas free 
ai atnaea exaaaneous or anwanted aoding seqaances , and as 
^n i f^r:- aaaaabla far ase wiahan genericaliy engineered 
pr-aael.n prad-^carcn nya-e-ns. Suah isolated mclecaleo are 
anaae tnat are separated from the:.r natural enviranment 
10 ana maluae cDNA and genortia clones. Isolated ENA 

T-ooeaalea of tne present invention are free ct other genes 
witfi wha an tney are ordinarily assoaiated, tut may include 
naturally ooourring 5' and 3' untranslated regions suah as 
promoters and termmat-^x . The i dent 1 1 icat ion of 

15 associated regions v;ill be evident to one of ordinary 
skill m the art i see for example , oynan and Ti jan, Nature 
3 IG : 774-78 , 1985) . 

An "isolated" polypeptide or protein is a 
poli'-p'eptide or protein that is found m a condition other 
20 than its native environment, sucn as apart frcm blood and 
animal tissue. In a preferred form, the isolated 

polv-peptide is substantially free of other polypeptides, 
particularly other pcl\^eptides of animal origin. It is 
preferred to provide tne polypeptides in a nighly purified 
25 form, i.e. greater than 35% pure , mcire preferably greater 
than 991 pure. When used m this context, the term 
"isc'lated" does not exclude the presence of the sane 
polypeptide in alternative physical forms , sucn as dimers 
or alternatively glycosylated or derivatized forms. 

"Iperably ^^nked", w'hen referring t LNA 
aegmenis , indicates tha^ che segm^^n- s are arranaed sc iha- 
— ^ 7 - - 1 1 1 n ; a ■ ^ i n i art i o i" too::: i n e n c e :i o ; i r lo^ s o s , 
^- - ■ ' t ^-anscription initiaieo .:. n ti.^-- : romotor mo l io^;eedc 
tiiraugh to:o r:odina o-gm-nt to the terminator . 

^ "pol\'nuc^'-'0_ide" is a single- or ocubl-- 
ctranlo'i p(:,lyn-.ei- .. l ^^-^ cxio- loo nu c 1 -^-i 1 1 o cr r i c anuc 1 a ct i oo 
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LA3z::3 r^ac I T c ^ cne r' CO -he 3' end. ? cl y: -u - 1 eon _ -es 
i-c:^„ce RNA =i"c ana m-y -e :.sclat:ed from na::ai-al 

saurzes, ^^yntnesized i;: v^i trc, or prepares from - 
_'^mo. ira ^ 1 - 1: of naooral and synthe^io molecoles . 

^roe term ''promooer" is used oereio for ito art ■ 
rooognized meaning to denote a portion of a gene 
tontainrng OXA sequences tnat provide for tne omdrna of 
A::a polymerase and initiation tf transorrptron . Promoter 
^-tzrouenoeo are commonly, but not always, found in the ^' 
non ' coding regiO'nc of genes . 

A '^secretory signal sequence" is a 3XA sequence 
that encodes a poly-p.eptide (a "secretory peptide") that, 
HS a component of a larger polypeptide, directs the larger 
priypeptide through a secretory pathway of a cell on whxch 
it: is synthesized . The larger polypeptide is comrr.only 
cleaved to remove tne secretory peptide during transit 
t n r O' u g h tne secrete r y pat hwa y . 

The present invention provides novel growoh 
factor polypeptides and proteins . This novel growth 

factor, termed "zvegf2", exhibits significant ammo acid 
sequence nomology t o the previously aescribed vascular 
endotnelial growth factors 'Dvorak et al.^ibid.; Oiofsson 
et al., ibia.; Tou-.ov et al . , ibid.). For example, one of 
tne polyp-eptides of the present invention is approximately 
40% identical to V5GF-C (Joukov et al . , ibid.) when tne 
s^^-::uen-BS are aligned to produce a 269 amino acid residue 
overlap. The VEGFs are ncmodimeric or heterodimeric 

proteins, the monomer subunits of which include a 
receotor-hmding aomain characterized by a paired, twisted 
tot... sne^'-' c t rir-^ t or staoilizei t:y rinserved .:\'cteino 
:-:u>iooes. Referring to SF.r: ly NO:!, these conserve.: 

v::^ T '.o_::'i i^^"ocues ^:'-'? .r p:?oit:c"u;s 111, 13 1, 14 1, ill, 
1 ~ . ^ r. -■ , ana I 1 . Aiis aO'ttam ..a rurt::-!- 

::h.^r.-i':terized ny tnree teta strand connect :::g loops 
oippr-ximately residu-z^^ 119-13^, 14—152, ana llc-l-lB of 
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i^-^rTsa i. :^ -^x^enas frori approx^rr.arel>- residue i:9 'Thr' 
exrcugh residue li':' .Arg'. A pu:.ycepciae ccnsis-ing c-f 
lui^ 5e:ruenee if -.miui ucids is referred te herein as 
^■-"'^3 = ^ - • Those skilled is ihe an will recsgni::e 

lual domain rcund:^ries are appriiilmate , and that: one or a 
fev; residues may s^e removed sr s'lhst itured at either end 
V.' i t h ou z de s t r o\* i ng bio^cgisal act rv icy. 

Unli-:e the previously described VEGFs , the 
polypeptides and proteins cf the present inventicn 
: stimulaue --he grows h of cultured sncoth m.ussle sells and 
fibroolasts. In ssntrast , toe previously described VEGFs 
are specific to e ndo t he 1 i a 1 'Z e 1 1 s ( r e v i ewe d oy i:ng 1 e r , 
Ci r filiation 2^_: 14 j 6 - 1^ 9 S , 19 9^' ; and certain tumor and 

hematcpcietic cell types. Zvegf2 polypeptides and 

5 prose ins may also stimulate growth of other cell types, 
including endothelial and dendritic sells. 

Additional structural features of the zvegf2 
prim.ary translation product include an am^ino- term.inal 
secretory peptide extendir.g from, residue 1 ;Ket; through 

0 residue 21 (Gin; of SEQ ID NO ; 2 . Potential cleavage sites 
exist at residues 113-109 (Arg-Thr) and at residues 54-85 
(His-Arg) , suggesting a possible propeptide or otner 
am.mo- terminal processing. The -arboxyl - terminal regicn 
cf the primary translaiicn prcduct ccm.prises fcur 

5 cysteine - ri sn dcmams. Referrin^^- to SEQ ID KC : 2 , the 
first extends from, residue 206 to about residue 256. The 
second cys ter ne - rich domain is a Balbiani ring mctrf 
extending from residues 2f7 through approxim.ately residue 
274 of SEQ :e i:C:2. This motif is cnarasierized by the 
■si'r:sensus Hafoiani rin_: ,r'e.-ruen::e I'y s X lu . . - lys Xaa-Jiv- >:ai 

:S1- 1.1 i::::j:. a Hallcam rmu l:.ke -;y s t e : ne^ - r i i 
■^-^t^r -x-^-uids irum ap p n :cv_m.a t e ^y :;-esioue 2^5 i: 
ipp r X ^ i y :;-^s_u-,.:- 1:;^. A isurtn i y s t e me - r 1 c h ucmam, 

sontain_ng i.gi^t sys res: cues, extenc^ fic:!; aoproxr ma t e 1 v 

5 residue 2 95 t s tne carbox'/l terminus of the primary 
t rans :. a 1 .: sn r^niduczt- . Wh:l'- rv r wis hire be bcund ri' 
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merry 13 helieved r.h:^t Lh- primar\' ti r ar:3 1 a 1 :^ 

prraucc lc: :-acurallv' yrccessed 1:: eu:varyotic cell-^ zc- 
i-^-cv- :::.e -f.^crria^ pep - in- , and thar additional processing 
•nay ranicvo mo putative propeptide and /or tne C-ter^;xnal 
V :."ey:on 'in:oo...dong tn- Baloiani ^ing nnooif; doririg 
secretion. E;aioiani rin::; sequences are generally believed 
tc provcue rar one or xc re of enory into the secretory 
pa-lhway, processing, assenr.biv', transport and storage f 
tne pc'lypepc -de , and.. as su::h, they are useful in one 

1 0 produce ion of certain zvegf 2 pc'lypepo ides within the 
o r e s e n o i n\^ e n 1 1 c n . Ho we ve r , c he present invention is n t 
limited to the expressicn of tne full-length sequence 
s n o wn 1 n S E 1 1; KC- ; 1 . An uxb e r o- f truncated z v e g f 2 
polynucleotides and pc- ly pep t ides are provided by the 

15 preseno rnvenoion. These p'C l\-pepc ides can be produce! 

expressing polynucleotides encoding them in a variety i-f 
host cells. In many cases, one structure of the final 
polypeptide produce will result f rorr^ processing of the 
nascent polypepr ide chain oy the host ce 11 , thus the final 

2Z sequence of a zvegf 2 pclypeptide produced by a nest cell 
wi 1 1 not always correspond to the full sequence encode d oy 
the expressed pclynuolecoide , For example, expressing tne 
full-length sequence shown in SEQ ID NO : 1 in a cultured 
T.ar^.rr.alian cell is expected to result in removal of at 

2 5 least the 5eoretor\^ pep t ide , whi le the sarr.e p-o 1 yp ept ide 
produced m a prc^karyotio nest would noc be expected co be 
cleaved. By selecting particular combinations C'f 

c> o 1 ;/ n u c 1 e c t i d e and h o s o cell, a v a r i e t y of z v e g f 2 
pcdypep tides can thus be produced. Tn addition, zo-egfl 
oc i\'pepc ides can re prcoucea by icn-o ^"lown ciocncds, cu ih 
:^ olu. i CO. a.;-: :-ynt:o-^s . ."o r'^iOtnO'CC r ■ r w':\ic\i a :. ■ ^ w-.^ 1 1 .'ocwo 
u: to--^ arc. r ir-: 1 vol 11 :.y co - 1 o i' r :v.-^gf2 o c 1 ypop i : d-j s 

-cc- shown Of^l.o.v :n T.io..j :. . llios- p<.i . y p op' 1 1 ae s arc 

oesicrnated by the rosir-^-)co of cheLr ammo- ana ci:-boxiu- 

ff tieryj^nal les-^iues as siiown m SE'^ ID NO : 2 . Oifferential 
pro'iossino of individual coams nav result 
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zv-gf 2 


■ 1 'J - 2 2 2 




zvegf 2 


' 1 0 9-274 
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Lingerie prc--iins of t::- presenn invent:ion i.r:clud" hot- 
:v-::a- d:.r"ers ^^r^c he ^ eri.(ii.n:e r s of zveqf:. oc 1 \x:er: - 1 i ^ 
above. Zvegf- prctei-s of -oe present: iovenci.o:: 
are oh ar- c- e r i z ec t.y their aoiliiy to sr :.::.ulaee 
•nrr ogenesis in ;nese"cnyma^ cells : mcludrng f rorcblas-s 
aoo s':ioot:o -no.^ole rells ' . These protieios m.^y also i::doo- 
vo senior perxeao-^roy Lo aoixals . Mitogenic ascivit;/ can 
oo measured using kn cwn assays, mclodrng l-I - 1 hvnidi ne 
^ nccrporac r an assays ! as disclosed ny, e.g., Raines and 
R C' s s , A;e Lhods Enzyiv.c 1 . 1 0 9 : 7 4 5 - 7 7 3 , 15 8 5) or cell counts. 
A p r e f e r r e d ral c oge ne s i s ass a '/ ne a s u r e s one i no c r p o r a o 1 on 
or I H , - o o;/x 1 d 1 no i n t c vascular i^; : noo u ii nnu scle ce^^s or 
fibroblasts. Within a typ^ical such assay, human oerma]. 
rioroo^asts are plated at a density of approximately 8,030 
cells/well m 24 -well culture plates and grown for 
apprc^ximate^y 72 hours in a suitable culture medium, such 
as DMEM containing 1C% fetal calf serum. The cells are 
allc'Wed to^ beccm.e quiescent, then exposed to a test 
solution. After a period o>f time, typically about 2 4 
nours, :-h; -thymidine is added anc incubation is continued 
to- allow growing cells to incorporate the label. The 
cells are tnen narvested, and incorporation of label is 
determined according to standard procedures . See also, 
Gospoaarowioz et al , , J. Cell. Biol. 7j2:3 9D-405, 1976; 
E:wton and rlorini , Endocrincl . 1C6 : 577-59 3 . 1 9 3 C ; and 
Gospodarc^wicz et al . , Proc , Natl. Acad. Sci . USA S 6 : 7 3 1 1 - 
7 3 15 1959. 
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presen- invert- 1 on also provides 

c:.:y-ucleo::.i-- n:cl- c:u._es , including PNA ana RNA -olecules, 
^-nccde nhe zvegf2 po 1 ypepi i aes uisnlosed above. 
■:no:5e sr:illea :n the ^^rv will readily recognize *ihar, m 
v^--v; ci: ^he aegeneracy ci the geneaic code, oons luor az) :.e 
oequenoo variaoion is pcssijale among tnese p o lynac leot i oe 
moleaules. ^EC I- : 14 is a degenerate d::a sequenoe tnat 
rvioomoasses all PNAa tnat enoodo the zvegf2 o^o 1 ypeot lae of 
^1 NC : 1. Those saitled m the art v;ill reoocjnize 
mat the degenerate sequence of SEQ ID NO: 14 also provides 
all RNA sequences encoding S^Z: IE NC' : 2 oy suhstituting d 
---^ 11 Tnus , zvegfl po lypepo i de - enc oding po lynuc leot i ae s 
ootnprismg nucleooide 225 to nucleooide 531 of SEQ ID NO: 
14 and their RNA equivalents are con teoipl a t ed by the 
present Invenoicn, Preferred such sequences Include 

nucleotides 325-615, 325-654, 325-56 0, 3 25-622, 325-1062, 
253-591, 253-615, 253-654, 253-660, 253-522, 253-1062, 64- 
591, 6 4-615, 64-654, 64-56C, 64-622, 64-10 62, 1-615, 1- 
654, 1- 66C, 1-322, and 1 - 1062 of SEQ ID NO : 14 . Table 2 
sets forth the one-letter codes used within SEQ ID NO:14 
lo denooe degenerate nucleooide positions. "Resolutions" 
are the nucleot ides denoted by a code letter . 
" Coraplenr.ent " indicates the code for the complementary 
nucleotide ( s ) . For exam.ple, the code Y denotes either C 
or T, and its complement R denotes A or G, A be ma 
com.plementary to T and G being cc'mp lement ary to C. 
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T 
G 



^^1 
A|C 
G|T 
CIG 
AIT 
AjC:T 
C I G J 
A I C ' G 
A|G!T 
A'CIGiT 



D 

B 
H 
N 



A|G 
GJ 
A'C 
G ' r, 

A|G,T 
A|C'G 

:|G|- 

A|C|T 
A;:|G| ■ 
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Ser S A3C AGT TCA TCG TCT WSN 

Ih'^ T a: A r'^CZ -C'j r^^fi 

^^To p '^CA cc: AC 3 ;::t cc\ 

Ala A GCA :^LC ^:^CG g.:t gC'^ 

CiV A GGA GGC: GG(^ GGT GGN 

Asr N ^AG .AAT AAY 

Asp D GAG GAT- GAY 

G'u E G/V\ GAG GAR 

Gin Q GAA-^ C/^G CAR 

His H GAG CAT G^j^Y 

Arg ^ AGA AGG GGA GGG GGG GGT MGN 

Lv'S < AAA ,AA,G AAR 

Met K ATG ATG 

He I AIA ATG AT ATI I 

Leu L CTA GT: GTG GT^ TTA TTG YTN 

Vd^ V GTA GT: GTG GT^ GTN 

Phe F T-G TTT 7TY 

Tyr V TAG TA^ jAv 

Trp A TGG T(X 
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of :->-ainaiv SKill — r^e art: wrll accr-cia^- 
':ha: scxe amc- crv: i ly rs i"Crad-..c-d r- deterTimm^ a 
•--■re-era-e c^do:: , rep ::e s- - a n i c: all possible c.::norr 
-r-carrg eara a;a:.n; aara . Far axanpla , the aegenaraa- 
- - seri-e ■ WSN: can , some caraansrances , eaaoce 

argrnine (AGRi , arc tae ce^enerare cadoa for arginme 
;mgm:' can , in some ciraaiastiances , encoce serene ( AGY) . A 
aririlar relationship exists oeoween codons encoding 
pnenylalanine and leucine . Thus , some po,:.ynucleot ides 
1 : encorapassed oy the degenerate sequence may encode variant 
animo aci.d sequences, tut one or ordinary skill in the art 
can easi ly identi £y such variant sequences by reference tc 
tne amino acid sequence of SEQ ID NO : 2 . Variant 
sequences can be roaaily tested for functionality as 
IS described herein . 

Within pref erre a embodiT.ents of the invention 
tne isolated polynucieot i des will hybridize to s in.il ar 
sized regions of SEQ Ii: NO : 1 , or a sequence ccrr.plenentary 
thereto , under stringent conditions , In general , 

2 C stringent conditions are selected to be about 5°C lower 
tnan the thermal melting point (T^^; fcr tne specific 
secisu^n-z^ at a defined ionic strength and pH . Tne T^p^ is 
the temperature { ^nder defined ionic strengtn and pH) at 
which 50% of tne target sequence hybridizes to a perfectly 
2 5 matched probe . Typical stringent conditions are tnose m 
v;hich the salt concentration is about 0.C2 M at pH ^ ana 
the temperature is at least about oCC. 

A.s previously noted, the isolated 

polynucleotides of the present invention include ONA and 
^ ^NA . veoncos r cr niep^r: n-q OXA ana h::a are we 1 1 anown in 
^o-t . :s ae:i-r-^::y oref-iroc ti isilaii hNA iri-- 

' ' od^nq who:.:.: :;eai - lias-.,- extract ^ or no an 

protaied using RXA f ro-- other iissuec ' : noluimc luno , 
sxe^eta^ muscle, ate rue, small inte^-. tin-, ana colon. or 
-■■■■-■xat-d as uonomi.- oNA . ^iia! IRllA can h:e preparea uoma 
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\::^i:Lnr: IIZ^ exirac:: -C:^ fell -wed oy i^zz^o- cy 

j'_:i;:ri ruga- ic:^ in :i 'isCl grac^ent: (^mrgwm et 
P.i... /r:e:7:2i7r2".' 18. : 5 2 - , 1979;. ?^ly -a:>- RXA is frepar-:.: 
11-:-; -ota^ PMA ..5i.-g z::^ ne^h-d a: Avav and Leder {?rcc. 
Aar... Aa^ . USA £^ : 1 4 0 3 - 1 4 1 1 , l-^^2). danpiemenaarv 

ANA ^. aANA' is prepared frcin paly (A) + RNA using ancwn 
na-anods . P a lynuc le a t a ae y encoding zvegf 2 pclypepaides are 
anen adena.:laed ana isclaaed by, fca exarr.pie, 
nvnraaizaaa an a a PCR . 

Anose skill e a an ane ara will recognize thaa tne 
aecnences daaclcsed m SSQ ZD NGS ; 1 , 2, ana 14 ropresena a 
aangle allele cf human avegf 2 . Allelic variants of tnese 
aeguenaes can be clancd jay probing aDNA cr genomic 
libraries frc?^- differena individuals according to scanaard 
procedures . 

The present invent ion further provides 

counterpart polypeptides and polynucleotides from other 
species ("spcicies orthologs"). Of particular interest are 
zvegf2 pol\^pept ides frorr, other mammalian specres, 
including m.urine, porcine, ovme , bovine, canine, feline, 
equine, and other prim.ate pcl\-c)eptide3 . Species orthologs 
of human zvegf2 can be cloned using mformaticn and 
aompcsit ions proa-idec by the present invention in 
combination with conventional cloning techniques. rcr 
example, a cDNA can be cloned using m.RNA obtained from a 
tissue or ceil type that expresses zvegf 2 , such as heart, 
skeletal musile, uterus, and small intestine. Suitable 
sources of m.RNA can oe identified by probing Northern 
blots with robes designed from tne sequences disclosea 
^ • ^"-^ ^ ^ - - A - ^ r a 1- y is t n e n p r p a i -.v I i ran: m H K A o 'Z -i 

^- -■■■^ '^'-'^ tissue ir line. A a v- a f 2 - an a a i n a clNA a.c: 

" z.-:-\ iic-a^ea cy i I'ar^oay i metncas, suzh ai; y 

— " ■ - * ■•*^^*-a : ■acg.. h:C .a aarti.;^ num.ui ari:A i a wiaa 
'.a; M:caa seta f degenerate probes based cn tne aisc^osed 
s c quences. A >ibNA can also be cloned using v.. a p a 1 >^me r a e 
'Uiam rea ■^i:;n, or AlK d<ULlia, j.y. "a tent N- . 
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aad:t._:n..l n:ethoc, -::e cENA library -an ^.sed 
transfer- r r rransf ecu ncsc cel^s , and expression cf tne 
rEMA cf: inticreL^ti can be dececned wrth an antiooay to 
-:vegf 2 pclypeotrde . Sixrlar tecnniques can a Lsa oe 

arclrcd ta tne isclaticn of genon^c clones . 

Tncse skrlled an the art wrll recognize tnat 
tnere is ccnsraerable latitude m axino acid sequence, and 
tnat equivalent po 1 yq:.ep t ides can be produced by 
engineering am -,no acid changes intc> the representative 
numan polypeptide sequence shown m SE:1' ID : I or an 

allelic variant or species ortnclog thereof. It is 

pref errea tnat these engineered variant polypept ides are 
at least 8 1 ■ ? identical within tne receptor binding domain 
corresponding to residues 109-157 cf SEQ- ID NO : 2 . Such 
polypeptides will mere preferably be at least 90% 
identical, and most preferably 95% cr more identical to 
SEQ lo NO : 2 withm the receptor binding domain. Within 
certain emjcodiments of the invention , the polypept ides are 
at least 80%, more preferably at least 90%, and most 
preferably at least 95% identical m sequence throughout 
their length to the corresponding region of SEQ IE NO : 2 . 
Percent sequence identity is determined by ccnvent i ona 1 
methods . See , for example , A.ltschul et al . , hiill . Ma th . 
Bio. 41: 603-C16, 195c and Henikof f and Henikof f , Proo . 
Natl . Acad, Sci . USA 5^: 10915-10915, 1592. Briefly, two 
ammo acid sequences are aligned to optimize the alignment 
scores usma a gap opening penalty of lO, a gap extension 
cena.ty ana tc- 'blcsu- - 2 s-:crino -latrix ci 

h-oiu_i:- an: H.n-tifr :r:ia. as c:.:wn m larl-- 1 ammi 
-icidc indicate.: . y r n-i: stanuacd one l-jtt-:; ccaes; . 
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T '3 *: a n u:r,c c r c f ^ de n 1 1 c a _ r.a t c he s 

^lai^gar: ar r:ie lange^- sequence plus zhe 
i:ar:icer- :r -rape mtiracucea mac the lender 
seqaenc..^ la order zr> align che two 
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v,"rT.i.ned c\' 3ir^il:^r :-ne":;cds using a razi^: as 

■::::gin-erea \- riant zv^-gr cc ] ypec ::, i das ar-- 
: anara itar izaa as having cne or tacr^^- axana aaia 

a-.n-sa i-aai ma , aelatians cr adcii-ians. These manges are 
arefaran.y a: a minar nature, that is aanservat: ive amine 
aaid sans- 1 tat ions ^see 7atie and otner substitutions 

----- ^^-^^ signrtiaantiy affect tne folding or activity 

^■J of the polypeptide; snail deletions, typically of one ta 
acaut : : ariino acrds ; anvd small ammo- cr oarooxvl- 
lermmal extensions , sach as an ammo - terminal irethionine 
residue , a small linker peptide of up to about 10-25 
resiauea, an affinity tag. F^jI ypep t ide s comprising 

15 affinity tags can further comprise a proteolytic cleavage 
site oetween the zvegf2 polypeptide and the affinity tag. 
Preferred such sites include thrombin cleavage sites and 
factor Xa cleavage sites. 

20 Taole 5 

Conservative amino acii substitutions 
Basic : argmine 
lysrne 
hi s t idine 

25 Acrdic : glutam^ic acid 

aspartic acid 
Pclar : glutamme 

asparagine 
Hydrophobic : leucine 
^ ^ isoieucme 

\' 1 ^ - ne 

-'-■1 " ■- 1- a ; t aiaiy .--i _ n^n- 

r. r-/r" cphau 
t vrosme 
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serine 
tnrecnirie 
ne 1 hi Dnme 



In additiion to zhe 20 suandara ammo acids, 
ncn- .jrandard amine acids (such as 4 - nydr axyprc 1 ine , 5 - 
^^"^^v- lysine, 2 - arai nc i soouiyr i c acia, isovalms and (/ - 
n^ethyl serine; may oe suoscitucec nor amino acid residues 
-ivegf2- poiyx-eptides . A limited number of non- 

ccnservanve ammo ac:d=;, ammo acids ciidL are not: 
encoded 'iz>y the genetic code, and unnatural amino acids 
"^'^y be substituted for zvegf2 ammo acid residues. 
"Unnatural ammo acids" have been modified after protein 
synthesis, and/or have a chemical structure in their side 
chamis) different from that of the standard amino acids. 
Unnatural ammo acids can be ihemically synthesized or 
obtained commercially, and include piFecolic acid, 
thiazolidme carboxylic acid, dehydroprol me , 3 - and 4 - 
methylproline , and 3 , 3 -dimethylproline . The inclusion of 
non-standard ammo acid residues may result in increased 
1 n VI vo ha 1 f - 1 i f e . 

Essential amdno acids m the polypeptides of 
the present invention can be identified according to 
procedures kncv;n m tne art , such as site - directed 
mutagenes is or alanine - scanning mutagenesis 'Cunningham 
and Wells, i-'cionor: 2 4-: , 1 0 6 1 ■ : 2 8 2 , i^5-' -ass it ...1., 
^ - ■" . /Ui 1 1 . A OS d . do i . USA d.l : 4 4 ■ i 2 :■ ^ ^321-. To n^_- 
- ^ ^ ■ 2 a iapaz: , .;in _: h i an^ne "ut at i :i:s .^r-- : a - r i i .i---.i 



'■/er\' residue m th^ 



":u- ini :ao:.ecules are tes^ eri far hio Icoical act ivir. v 
'^■2-. - -'d-ymiome moo rp ora t i into vasoLilar smooto 

'-usc^.;- -elis ir f ih r ab 1 a ; ^ t s ' z oaentiiv amino -.^cia 
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20 



:r.cl-::-le. ^I^-e laentrtres c: i es.^ent_al anm^ acids car: 
also be inferred from a::alysi a of ncaiclaqias wiah 
\'^aa\;^ar eodoaheiaal growth f acta^rs . 

Molaiple amino acid subst aaoa rcno can be made 
^na rested using Known methads cf maaagenesao and 
oareenrng, such as these dasclosec by R e adnaar - Ol sen ana 
-^Taaer ■^caenoe 2^ : 5 3 - 7 ^ 1583; :: r Sowae ana Sauer {Prcc. 
Natl. Acaa- S'oi . USA ^:2152-215b, 1935). Eraefly,, these 
aotncrs daaclose methods for s amul t aneous ly randcm.izang 
two o- m:ra positions in a pc.lypept ide , selecting for 
f unotaonal polypeptide , and tnen sequencing ahe 
rratagenized tolypeptiaes to determine the spectrum af 
allnw;^ble suiastitut ions at each posioion. Otner methcds 
that can be used include phage display 'e.g., Lowm^an et 
al., BioohGHi. 30. : 10832-10837, 1391; Ladner et al . , U.S. 
Patent No. 5,223,409; Huse, WIPC Puodication. WO 92/06204} 
and region^directed mutagenesis •; Cerjayshire et al . , Gene 
4i::145, 1536; Ner et al . , D?M 7:127, 1933). 

Am.ino acid sequence changes are m.ade in zvegf2 
polypeptides so as to m.inimize disrupticn of higher order 
structure essential to biological activitv. In this 

regard, it is generally preferred to retain tne cysteine 
residues at positions 67, 111, 117, 136, 142, 145, 146, 
153, 189, and 191 of SEQ ID NO : 2 and to retain the 
overall hyarcphi 1 i ci t y profile of the natural sequence. 
A hydrophilicity profile of the sequence shown in SHIQ ID 
NC' : 2 is shown m rig. 1. 

Vvithm certain em^bodiments of ohe invention, 
^ .'vegr2 oc: vnucl'MO idea -naoo'- pri-m:xr-/ t rare lat i^a: 

I'roduotc c-mprismo one r-- mor- -V: ■? rmi na 1 "alb:.a::i 
-.-n^s. Ac nat-.a .Ot.:.-/e . ralrian: m -a r-;;:.:.-/ved ' . 

n^^cili ta*; - n- ; n - r a -e 1 1 ■ ; 1 a r tranocarr .ma . staaaa-. i 
h -"7 --ins , posaio-ly oy ma intainmo orotem sol ao_ 1 1 1 v 
. r a u ^ 5 a a n e L a 1 . , .7 . Mr /. , 5 1 . 2 1 ".. ; 1 J 1 - 3 4 ::■ , 1 9 5 0 > . ft 
thus be henai^3ial to i:\<.j:,ude an-- a a --ore Eaioiani 
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i::v-::c^c::: . Sue:: sequences a- 1 1 cc:nncniy en(jcde up r: j 
rrnr e uunr^only nut more uuan 4 , ralbia:- r :.ugs , altucuah 
- ' "-"^ 'ucu^ uucu riuu3 can be included . Proteins uavmg 
uu :-an\^ ac 62 Ba^oianu rings a re kncv;n ; rauisson at: a_ . , 
yjcl . Eisl. ULl: 331-249 , 1990; . 

Mutagenesis raethcda as disc lose a above can ne 
uond:ined wuth hign - 1 hroughpu t screencng tTiethcds t detect 
u:..c lugica._ actuvity cf zv€gt2 variant polypeptides . 
Pref errea assays m this regard mciude ciit agenesis 
assays, wn_cn can be run m a 9c-well format. Screens 
aesigned to neasure activation of recepto:"- linked 
patiiways can also be employed . Sucn a3sa\'s cynically 
rr.easure tne expression ot a reporter gene ( encoding , for 
example , luci f erase or green fluorescent protein j that is 
linked to a serum response element , Mutagenii^ed DNA 
molecules that encode active zvegf2 p-olypeptides can oe 
recovered from the host cells and rapidly sequenced using 
moaern equipment . These methods al low the rapid 

determination of the inpcrtance of individual am.ino acid 
residues m a pol\^:eptide of interest, and can be applied 
to polypeptides of unknown structure. 

Using the m.ethods discussed above, one of 
ordinary skill m the art can prepare a variety of 
polyg:.eptide fragments cr variants of SEQ ID NO : 2 that 
retain the mitogenic activity of wild- type zvegf 2 . 

For any vegf2 polypeptide, including variants 
and fusion proteins, one of ordinary skill in the art can 
readily generate a fully degenerate polynucleotide 
s-ruU'in-'_: -u-ciiiiu^ r/r.rr. vaiLaut usmcr to-- in:. -rmati:u i.v: 



^th : u T^iOlec 2 and ^ , anov-: . 



TO', cv':;gti yc lypiu:t i.ues :. toe 



P^ 



1 ---^^ ' luio^udmg ::^_1 .engtn p . ypep t uo a , 

cic^ogical^y active tragments, ano !d.isr"n tolvueptLdec 
can ne proaucea m gene 1 1 oal 1 engineered host cel^s 
a - .lor ding to convent : cnal techn i cues . Si.i :. t ab : ticsi 
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- - * - - ~ :":-s £: ^ ^\^pe^ .rat: can ;oe r aas t c rTiea or 

r. s i c i a i --^ o g e o u s D A a n d g r c w n ^ n c u 1 r. u e , a n d 

euk aryoc :l c ::e 1 s . Euka ryot ^ c ce lis, oart: i cu 1 ar 1 v 

\^ 1 z "^r^c c e ^ i s c t nu ^ *: i ::e ^ 1 -a 1 a r r gan i srr.s , are p r e f a r r e d . 
reanr-rques for aiaaapu 1 at ing aloned DNA molecules and 
incrcauc^ng oxagenous EOJA into a varaecy of hosn cells 
a r ' r c a a c ], - . s d y S a m b r c o e t a 1 . , i^J a lecul a z- C 1 a r: i n ; A 
L.3i:or3--ry :^;a-aal , 2nd ed . , Cola Spring Harbor L<iocratory 
Press, dcld Spring Harbor, NY, 1589, and Aasubel et al., 

In general, a DNA sequence encoding a zvefrf2 
^a-; lypepa ide is cperao^y linked ac other genetac elements 
required for las expression, generally ancladrng a 
transcrrctron proncter and terminator , withrn an 
expression vector. The vector will also ccmmonly contain 
one or more selectable mar<ers and one or more origins of 
replication, altncugh those skilled in the art will 
recognize that withm certain systems selectable markers 
may be provided on separate vectors, and replication cf 
the exogenous DNA may be provided by integration into che 
host cell genome . Selecoion of promoters , oerminators , 
selectable markers, vectors and ether elements is a 
matter of routine design within tne leve.. of ordinary 
skill in the art. Many such elements are described m 
tne licerature and are available through ccmm.ercial 
suppl iers . 

To direct a zvegf2 polypeptide moo ohe 
secretory pacnway of a cost cell , a £ecreoor\^ signal 



f-^.g - . ^ - pa; or aynr.n--s: 7.t-r] Jr,- ::cv.:. The a acre lor-/ 

signal sequence is l ^ ^ h 1 y 1 i n k e d t o z h e 2 ve g f 2 DKA 



c-rrec:: reading fraTie and posicvoned to direct: the nev;l\' 
ryrnesi::ea co^ypeptrde ^ntn tne secrercr\' p^tnv;ay ci tne 
he s c e i ^ . Secretory 5 1 gn a sequences are c omnc n 1 y 

pcc^crcnei ^3' to tne DK7\ sequence encodi::q — 
F '/ P"^ ? t r u e c t interest, a 1 1 h o u g h c e r t a 1 n s i g n a .1 
seo-.;ences rr.ay be positicned elsev/here m the PNA secuence 
^" ^nteresi {see, e.g., Welcn et al . , U.S. Patent No. 
^ , V .h" , 7 4 ; H c 1 1 a nd et al., C.S. Patent Kc. 5,1-13,830). 

Cultured mann^nnalian cells are preferred hosts 
w 1 a h. r n tne p r e s e n t 1 n ve n 1 1 on . :-]e t nod s i: c r 1 n t r c du c 1 n g 
exogenous DNA into mannalian host cells include calcium 
p :ic spha t e - T.edi at ed transfectrcn (Wigler et al . , Csll 
^:725, 1^78; Ccrsaro and Pearson, Somatic Cell Generics 
2 : b 03 , 1961; Graham and Van der Eb , Vlrzlogv S_2 : 4 56 , 
1973; , electi-Qpcration (Neumann et al . , EMBO J. g:841- 
34 5, 1382 .' , DEAE -aextran mediated trans feet ion -Ausubel 
et al . , eds . , Cur.rsnt Prococols m Molecular Biology^ 
John Wiley and Sons, Inc., NY, 1987), and lipcsome- 
mediated transfection (Hawley-Nelscn et al . , Focus 15:73, 
1953; Ciccarone et al . , Focus 1_5 : 8 0 , 1993) . The 
product ion if recombinant polypeptides in cultured 
mam.T.a lian eel Is is dis closed, for exam.pl e , tv hevmscn e t 
al . , U.S. Patent No. 4,713,339; Hagen et al . , U.S. Patent 
Xo . 4,^34,951; Palmiter et al . , U.S. Patent Nc . 
4,579,821; and Ringold, U.S. Patent No. 4,S36,134, which 
are incorporated herein by reference . Suitable cultured 
mammalian ceils include the COS - 1 (ATCC No. CRL 1650), 
COS"^ lATCC Ko . CRL 1551), 5HK oATSC No. CRL 1632i, BHK 
57: (ACCC No. CRL 10314) , 293 (ATCC No. CRL 1573 ; Graham 

namsi'i.:^ ;:\'arv e.a. CIL"-p;..; ATC" M;-?, GGL :.;ell 1 : n-s . 

general, sirony 1 1 ..aos 01 ip t ^ 011 p::oinorers are preferred, 
sui:; IS rrc^n^r^ters irc^v SV-10 c c cm.e aa 1 1 v 1 r u s . See 
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U.S. Pat-ent: Nc . ^^,95-:, 286. 0:ihei- sui::^-:^ 

c r or;;: r s i::^clude t:^0 3^- frcT -^i-C: r. 11 c r ::i one ^ :i c^enes U.S. 
t^^ti'^n- 4, 5^:^9,821 and 4,^:1,973, v;hich are 

mccrpcr-c-c nerem r-fer-r:ce and tne adencvirns 

1 na 3 c 1^ 1 a t e r r cmo :: e r . 

Irug selectiion is generally ased na select far 
aalnarea n;am:inallan ae^ls in::o whian fareagn DNA has rieen 
^ns-rted. Sucl: call.s are ccrr:Tian^y referred tc as 

- ransf ec*:ants " . Sells tna- have been aultured m rhe 
presence cl the selective agent and are able to pass the 
gene af interest tc their progeny are referred to as 
" staole trans feet ant 3 . " A preferred selectable marker :.s 
a gene enacdrng resistance to cne antiorotrc neon^yom. 
Selection is carried out in the presence of a neomyc.in- 
typ.e drug , such as 3-413 or the like . Selection systems 
may also oe used to increase the expression level of the 
gene of interest, a process referred to as 
"amplification." Amplification is carried out h\' 

culturing trans feet ants m the presence of a low level of 
the selective agent and then increasing the amount of 
selective agent tc select for cells that produce high 
levels of the products of the introduced genes . A 

preferred amplif iable selectable marker is dihydrof olate 
reductase , which confers res istance to methotrexate . 

Other drug resistance genes ;e-g. hygromy::in resistance, 

multi - drug resistance , purcm.ycin acetyl transf erase ; can 

also be used . 

Otner higher eukaryctic cells can also be used 

as hosts , including insect cells , plant cells and avian 
• :h;ansi Croat iin ^^f msec- voile ana p roduct: ir^ r 

^-'-'^^ p-dvoeptiaec -;--rein is jicoicood Suaii.no 

• > "-i- l:^tent ::i. V. , l-'S , 22i. ; lang et aL_ S . S . -icon- 

ii- - 4 , 7'/ ; and Wlri pu^-.:.i:,;at i^i: Wt .-i/Oo^cj. Ih^: oa- 

of oil. .:■ ^ til 1 CO ro^ CO .:e:o.>o as a vectcr far expressing 

genes m p,.ant cells nas oeen reviewea icy ^inKar et ai . , 

lS. S.o^oci. : i^ang^il oior ; 4 - S 8 , 1 . 
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:-unga^ c:^..s. including yeas- cells, can alsc 

rart^-u^ar interest: in this regard include crhar-c:nyrcs 
rere:-s2ae, Plcnisi casncrus, and Picnic :ne rhancl 1 ca . 
=^ Kechoas far a rans forming Sac rharorr^yces cells wren 
e>:agenav:s DNA and producing reco:^:binant pclypepoides 
anererro:^; are diseased oy , for example, Kawasaki, U.S. 
Pafent No. ^; , 5 9 , 3 1 1 ; Kav/asaki et al., U.S. Patent No. 
1.131,37:; Bra>:e, d.S. Patent No. 4,370,01 3; Welsh et 
li al., i;.S. Patent iNc . 5,03^,743; Murray et al . , U.S. 

Patent No. 4,345,073; Kmgsnan et al . , U.S. Patent No. 
4,615,374; and Bitter, U.S. Patent No. 4,977,092. See 
also Ti.S. Patents Nos . 4,990,446; 5,063,154; 5,139,93c 
and 4,361,454. Trans r ormat ion systems for other yeasts, 
15 including Hc^rsenula pcly:norph3 , Schroosa ccna z-on:yces 
c c rib-e ^ :\ ^ uy 'e r oi'? ycc-z l^ct±s^ 3'1 1: v v ercm '/ coo t r a eti ^ r a 
js::ilc2<7c rr.aydzs, Pichla pasnoris, Fi^cnia u\^tnar.cli-a, 
Piohza gaillermcnd^i and Ca::dida w.alcosa are known m the 

art. See, for example, Gleeson et al., J. Gen. 

2 0 Mlcrotiol, 132:3 4 59-3 4 65. 193 6 and Cregg, U.S. Patent No. 

4,332,279. Aspergillus cells may re utilined according 

to the methods of McKnight et al., U.S. Patent No. 

4,93 5,34 9, which is incorporated herein by reference. 

r.:etnods for transforming Acremcnii:n: cnr:o7 ogen are 
25 disclosed by Sumino et al . , U.S. Patent No. 5,162,228, 

wnich IS incorporated nerein by reference. Methods for 

transf orm.mg Neurcspora are disclosGd by Lamoowitz, U.S. 

Patent No. 4,465,533, which is incorporated herein bv 

reference . 

Prckaryotio host oelUo Lnciudma strains of 



"'0''=''gn 7NA .-^-ou-^no-s -...oneo tnerem are well known m 
n:e ai'L i. se^r, e.g. , Sainurook ec al . , ibid.) . When 



V\ () 9S'24Sn 



pcr;iis9''a()88S 



. : , iypep*:ide may be regained in the zyz zi: I asrA , 

tv:::.eai:y iriacluc^e granules, or may re airecred zc 

z : p e r 1 p ^ a r m, a r apa c e by a b a a t e r a a 1 secretion s q u ence . 
: a a re f arxe r aaae , a he cells are lysed , and are ar an-a:.es 
a r e r e c o v area and denatured using, for e :-aa aip 1 e , g u a n a d a n e 
_actha acyanate or area. Tne denatared pal>x.ept^de can 
then be then refolded ana dim.er ized by dilut ang the 
denaa^rant, sucn as a^y dlalyaia agaanst a solaaicn of 
are:^ and a combmaaicn of re(iuced and oxaaazed 
glutat::.! one , follawea by dialysis against a raffered 
salane sc>lut ion . In tne latter case , the polypeptide can 
b- reco^-ereo Iron the perap^asm.ic space in a sclaole and 
f unca ional form joy dasrupt ing the cells (by, for example , 
sonacation or osinotic shock) to release tne contents of 
tiie periplasmac space and receiver ing the protean , t hereoy 
obviating th^e need for denaturaticn and refolding. 

Trans form^ed or trans fee ted. host cells are 
cultured according t conventional procedures m a 
culture medium, containing nutrients and ether ccmponents 
required for the growth of the chosen host cells. A 
variety of suitable m.edia , including defined meai a and 
ccT.plex m.edia, are knov.-n an the art and generally include 
a carbon source, a nitrogen source, essential amino 
acids, vitamins and minerals. Media may also co^ntam 
sucn components as growth factors or serum , as required . 
Tne grc:wtn nr.edium will generally select for cells 
containiug the exogenous ly added DMA by, for exam.ple, 
drug selection cr deficiency m an essencial nutrient 
w : : 1 c h. .: s c o mn 1 e r, e n t e d I ; y t h e s e 1 e c t a b _ e m. a r k e r carried n 

! L . 

1 - - a i - r ^ d a a p u r 1 1 y an p ^. _ y p. p 1 1 a a ana 
rrota:^na ui are presena invention La u801 paiiaiy mcie 
p i v: :: erab ly ti '-^.9^': p-r\zy, e\^en mar^ preferabdy >aSl ana 
particularly ore f erred is a p ha rmaceut i ca 1 1 y pure saate , 
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a::::: r:L;;;l.ei~ acids, and iree of infectious ana pyrogenoo 
-iy--:"v:s. ? r-fr lerably , a purif^^^o protean is suos c ant lal iy 
fo-- 'it ccner proteins, par t: i sola ri y other proteins or 
a n 1 X a 1 origin. 

Zvegf2 polypeptides anc proteins are purified 
s'/ conventional protein purification methods, typically 
hy a coxninatic:n of ohromat ographic techniques. 
Ptlypeptides ana proteins oompr:.3ing a polyhi s t idine 
aifmity tag ; typically about b hi so idine resiaues! are 
purified hy affinity ohronat ography c^n a nickel chelate 
resm. See, for example, Hcuohu^i et al . , 3io / Techno 1 . 
6: 1321^1321, 19 55. 

Zvegf2 can also ice used to identify inhibitors 
of Its activity. Sanples can be tested for inhibition of 
2vegf2 activity within a variety of assays designed to 
r-.easure receptcr binding or the s t innula t ion/ mnibi t ion of 
cvegf 2 - dependent cellular resoonses . For exannicle, 

zvegf 2 - responsive cell lines can be trans fee ted with a 
rep:crter gene construct that is r e spoons ive to a zvegf2- 
stixiulated cellular pathway. Repc^rter gene constructs cf 
this t\-pe are hncv;n m the art, and will generally 
comprise a z veg f 2 - act ivat ed serum response element iSRE) 
op er ably Imued to a gene encoding an as say able protein, 
such as lucif erase. Candidate compounds, solutions, 

mixtures oir extracts are tested for the ability to 
inhibit the activity of zvegf2 on the target cells as 
evidenced by a decrease in zvegf2 stimLulation of reporter 
gen^- expresoiO'n. Assays of tnis t^^e will detect 

ov -'y ^om d s th:,^t dioe.jtly llcr-o cveotl oandiir:: tc ^':j11- 
soif^o- r-^ centers , as v;e 1 as tomp cunds that b I oc-: 
or:iess-;0 m tne cel-'^. lor patow:iy subs ecu em tc i'ec^cti;r ■ 
liiTond rinding. 1:: tne ^ ^ t o oat ^ v- , oomoo_nas or otr-or 
can ne tested for direct hi coo icq of o-/egf2 
co-d:nq to r-eoeptor using cvegfl tagged witn a detect ao^e 
biO'il hj.q., bi.:ti^", cc rc^r.t.l hsh o>e r i d a s , F'^'y 
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an:i t::.-: . v;it:hi:i assays ::::is tyir-e , the T^cilicv 

a z--z':3Z san:iple to inherit tne c ending of ^ ace lea zve'-Tf;: 
r.: the receptor is indreative of iri:iebetery aotivit\o 
Heeepeers osed -A/eehrn such assays may be cellular 
ceceptcrs cr isclateu, inrtchiirzod receptars. V:itnrn a 
rurra tv^^e of a:3say, inhibeticr: of zveqf2 mitC'genrc 
activity ic n-;easured. Such activity is detected as a 
iecrease lo : 3 H ] - t hyai d i ne locorpcrat ion after acdit^on 
.d toe t e s ^ s a upd. e t c an a s s a s y s t e ri^ as disclosed above, 
A preferred carget cell type for use in nnitogenesis 
a sea y s _ s uu:n an de rita 1 fibrcb lasts. 

Zvegfl proteins can he used toerapeot ical ly co 
sticr-ulate the revascularization of tissue or tne re - 
eoaothelialization of vascular tissue. Specific 
applications include, without limitation, the treatment 
of f ull - tnickness skm wounds, including venous stasis 
ulcers and diabetic ulcers; treatment cf burns; skin 
grafting; to promote the growtn of tissue damaged by 
periodontal disease; to promote endot he 1 ial i za t ion of 
vascular grafts aod stents; and to prc^mcte vessel repair 
and develcpment of collateral circulation following 
myocardial infarction . The proteins are also useful 

additives in tissue adhesives for promoting 

r evascu 1 ar 1 z at ion of the neal ing tissue . 

For pharmaceutical use , the zvegf 2 polypeptides 
and proteins are formulated for topical cr parenteral, 
particularly intravenous or subcutaneous, delivery 
according to conventional methods. Intravenous 
^do mi ci rat ion will be by boles In^ecti::^ cr infu3:.on 
■■■vei" ■". vypLco! per:..:-.! _ i one ce'/erj:l o,.o:rs. To 

:^U!----d , I ha :;ma o: 1 1 "oo. f :e-:'c i'._-o:: wi"h; iio::o..or- ■■■ 
''v-'Hil p.: l-y^peptide orctem _n c c::;o i n a 1 1 : n wico 

p na rma c e u t 1 c a _ 1 y aoceotaole vehicle, suco ac LO;_in^, 
b;ii lei ed sal ine , 11 dex^ rose : n wa " or the like. 

Icrmulaticnc ma\' further include c^ne cr mc:re exc io :. ent s , 
ro;^ ; -e r'.' I ^ 1 V- ^- , c ' h ; b i . .:. c ^ r c . hurrerio:: • vents, alb;.;mio 
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pr^\''ent prc^rein loss o" vial surfaces, etc. F<cr:^:ods cf 
fcr:^:ulcc_c:: ur-^ well rznow- cr: cue arc and arc d^sclosea, 
rsc exan:c.l-C, i:: Fi^ir.ing ran ' s Pnaccriaceu Ic cal. Scceiices, 
Gcnnar c , ed . ,. Kack lab 1 cc::ing Cc . , Easccn 1 A , 139:, wccch 
5 cs incorccrated hereic by reference. Zvegfl will 

ge:iera-_y be asea m a concent rac cc n of accuc 11 cc 100 
ug/:cl of cctal vclume, a 1 enough ccncenc ra t i ons .in Ciie 
range cf 1 ng/xl cc ICOO Mg/^nl may be ased . For topical 
a p p 1 c o a t i o n , s u c h a c t c r c h e p r omo t i on c f wo urci heading, 

11 the prcte-r. will be applied in the range of C.l-lO ug/crrr 
c f wound area, with c he exact dose d e t e r nr. i n e d by t ne 
clinician according C:c acceptea standards, taking into 
a c count t h. e nature and severity of c h. e condition to o e 
treated, patient traits, etc. De t ernnina t i on cf dose is 

1 1 wi chin the leve 1 of c^rdinary skill in the art. The 
tnerapeutic formulatcons r.ay be adnr.ini s tered for acute 
treatT.ent, over one week or less, often over a period of 
one tO' three days or xay be used in chrc^nic treatment 
over several months or years. In general, a 

2C therapeutically effective amount of zvegf2 is an amount 
sufficient to produce a clinically significant change in 
the treated condition, such as a clinically signifccant 
reduction in time required by wound closure, a 
sxgnif leant reduction in wound area, or a significantly 

25 increased histoli'gical score . 

The zvegf2 proteins of the present invention 
are also useful withcn the laboratory field for prom.otmg 
the growth of mesench^Tnal cells '■including fibroblascs 
a n s moo t n TiU sole cells) in culture. The pel v^e p 1 1 de s 

>- CI"--, audea i cel^ cii^tur';- mcoia ct a ■-cncent rat i ::n 

■^:":'-Ut ; : ::.c ccl " : ^oc;..:t i:i nc/:rd. llicc': skilled ir to--: 
r t wi 1 1 rccccni C':_: tna t hv-^^g 1 1 p r c t c i nc can b- 
covant aaecus ly c c':io i ceo w i c h at h- i i^owt h L .^c t c r s i n 
cu 1 tu re m.e d i c . 

3 5 Svegf2 pcj iypept i aes can also be used to prepare 

antlhcd:^■■c tnit cne c : 1 : ca 1 ^ y oir^d t .v c'/e:jl.., c^.:' ^ yp eot i de s . 
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^cod^es , n^cnorlonal a-zibcdies , anrigen -bind^-g 

L-a^T^er:::.- thereof sue:: as - ( ao ' / ^ and Fao f rag:T;en::s , 
a ingle anaan anaabad^es , and aha lake , including 
;^:naaa lal ly angmeerea ana ibadaea . Nan -naman antaboaaes 
taay be b.amanazed by grafaang cnly non-nurr.an dDRs cnaa 
a V : man r r a ne v; a r k and c c: n a a a n t r e g i o n a , o r a>y i n c c r p a r" a a m a 
ana entire non-huTian variable domains {cpaionally 
'arlaaa.mg" anen with a human-like surface by replacem.ent 
a: exposed residues, waerem tne result xs a "veneered" 
a n 1 1 aa- dy ' . : n s one instances, huma n a a d a n t a be d i a s m.a y 
aataan nan - human residues witnin a he human variable 
1 eg a on framework domains to enhance proper omding 
characterist ics . Through humanizing antibodies , 

biological half-life may be increased, and the potential 
for adverse immune reactions upon adm.inisaration to 
humans is reduced. One skilled in the art can generate 
humanized antibodies with specific and different constant 
domains {i.e., different Ig subclasses) to facilitate or 
inhibit various immune functions associated wiah 
particular antibody constant domains. Alaernative 
techniques for generating or selecting anaibccies useful 
nerein include an vitro exposure of lympnccytes to 2vegf2 
prote:.n or polypeptide , and selection of antibody display 
1 ibrariGS in phage or simi lar vectors {for i nst ance , 
through use of im.mobilized or labeled 2vegf2 protein or 
poiv-peptide) . Antibodies are defined to be specif loallv 
binding if they bind to a zvegf2 polypeptide or protein 
2- aifmity aa least 10 -i old greater than the 
:-a. noma .ifl^mi*:. y to ton t it:: : no n -- a v-gf ' polypeptiae 'tr 
— ■'■"■ei:--. 11--.: atf^nitv . a tnaa; . t n . ■ : ...intiooay tan : 

■ ■ - -^'^^-y a-i term.: nod ry ate t r aramary .a:i 11 m t a- art 
iS'-f:, tar -xample, acattnard, Aiiii . ^;y yaad. ^a^ . 5_:^ ; 6-:- 
, lr4 3 i . 

M a t hod s f c» r p r e p' a r i ng p o 1 y c 1 c n a 1 and mo n o c 1 o a 1 
an' iba^dL-a are well kncwa :a too art (sea far example-. 
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H.^rr-:::!!, J. J. R., . , >^c:noclcnal Hybrizionia Anzibod^es : 

'r--c-:::-:^c:^jes .3"d pZ i ^ i ons . CRC Rress, Inc., Boca Rare::, 
FL, l"c2, v;nic:i is cnccrccraced cerem oy reference! . Ac 
wou 1 ^i be e\^i dene tz one of c r dmary ski ^ 1 m tne arc , 
cc'^yclcn;.- ancircdies can be yeneracec iron a variety of 
'/yarn-blooaec ani-alc seen as horses, cows, cjcatis, siieec , 
dog s , c 1 ens, r a b 1 1: s , i c e , and rats. Th e 

in[cunogen.^ci ty o: a zvegf2 pclypeptide may be increased 
tnrcngh tne use of an adjuvant such as aluci halummurr 
nyarcxide' cr Fraund's zromplete or inconplete adjuvant. 
I'c lypept ides useful for immunization also include fusion 
DC 1 ype p 1 1 :ie s , such as fusions of a s veg f 2 p o 1 ype p tide c r 
a port ccn thereof with an immunoglobulin pclypeptide or 
with maltose binding protein. The polypeptide im.muncgen 
m.ay be a full-length molecule or a portion thereof. If 
the polv^^eptide portion cs " hap ten - 1 ike " , such portion 
may oe advantageously j omed or 1 inked t C' a 
m.acromolecular carrier isuch as keyhole lirr.pet hemoc'_^^anin 
(KLH) , bovine serum albumin (3SA) or tetanus toxoid) for 
i Timu n 1 2 a 1 1 on . 

A variety of assays known to those skilled m 
the art can be util:czed to detect antibodies v;hicn 
speci f ically bind to zvegf 2 polypeptides . Exemplary 
assays are described m de tai 1 m An t jibodi es : A 
Laboratory Moinual , Harlcw and Lane !£ds.! , lold Sc'rmy 
Harbor Laboratory Press, 193 3. Representative exam.ples 
of such assays include : ::oncurrent Immunoelectrophoresis , 
radio - immunoassays , radio - ir.m.unoprecipi tat tons , enzyme - 
1 mke i ir:muncsc'rbent assays ^ Rl'SA ' , dot olci assa~/s , 
W - o t - r : : ;j 1 o i a s s a \^ s , i n h i o 1 1 1 c o r c moo v. tic n a s s a y s , 
a:„": cincw:":n. u.n:aj'S. 

Ant ^rc dies ^ o c vegi ^ n;ay re usee 1 1 r a f r i n 1 1 y 
pu:: : : ^r:aticn cf the protean, witn:n d:agncc-tic asaa'c:-^ ^nr 
determ.ining circulating levels of the orctem; for 
detecting cr aucnt i *: a t i no sov_:ble zr^egf:^ no^yoeptide as a 
marker of underl\'ino patncic^Tn/ cr ^is-:asc ; f r r 



wo ^^S. 248 II 



s :^ n _ D n = , m c i li d m g m n u c d i a g n o s t: i a p p 1 i c a z i c n s ; r 3 r 
:_::r:iur:chisnc r:^en:istry ; ai^c as ant: rcc n i s t: s t :j bloc;-: -ore:: air: 
a::tLvity 2:: va rro aaa vi . A:ia2i:caies to zvegiC xay 

uaed far aaggir^g aa^^a rihaa axp res 3 avegf2; 1 
atr — ity puraficaaaan cf zvegf2 pclypeccides a:aa 
proa ems; an analyaical :nethoas employang FACS ; tor 
a-raanmg a:-:preGSLon libraries; and lar ganeraamg ant:i- 
idratypia antibodaes. Antibodaea can be linked ca ctner 
conpc:unds, including ahsrapeutia and daagncsC-c agena= , 
:^ sing a ::o v/n me a ho d s a a provide for a ar ge a a i ng of those 
aoracc-anas ta cells e:^pressing recepaors for zvegf 2 . For 
aeraam app 1 a cat aons , anciadang an vj era and m ^-ivc 
d i a gr. o 3 a i c a se s , at is advantageous t c employ 1 a jce i e d 
ant iC'Odaes . Suitable direct tags or labels include 

radicnuclides , enzymes, substrates, cof actors, 

inhioaaors, fluorescent m.arkers, chema lum.ines cen t 

markers, magnetic particles and the like; indirect tags 
or labels may feature use cf biot m - avidm or other 
o amp lem.ent / ant i - conpl em.ent pairs as int e rmedi at es . 
Antibodies cf the present invention may also be directly 
ar indirectly conjugated to drugs, aaxins, radionuclides 
and the like, and these conjugates used for in vivo 
d 1 agno s t a a or t ne r ap eu 1 1 c applications. 

Inhibitors of zvegf 2 act la- i ty ( za^egf 2 

antagonists) include anti-zvegf2 antibodies and soluble 
zvegf 2 receptors, as well as other peptidic and non- 
peptidic agents (including ribozymes). Such antagonists 
use ta alack the mitcgenia, chemoaactia, ar 
..tna icr^in : J -jri-i'iia 1.1 avagt.:. ll:ea-j .inaaaanis'a ..ire 

ina--f— a::---fa. a: aaaa-inv ::-■■■ j:vw-':i z s'^lia Mav'.. 
b y innibitin.g n e a- '/a a .a^ ^ a r i z Ji t l a n at 1 he dove i apincr lunajr 
by air-iat^y a^^^akmg tumor cell growaa; m tna 
trai4imer:t af diaaeaia raainaoathia paariasis. artaritia, 
and scleradermia ; and :.n reducing f la rosi s , including scar 
■: ra;a t i :-n . ~ n '/lew z- 1 t ::e a 1 1 a aan^ 1 a it 1 v 1 1 •/ a f z '/a a :: 2 
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■ ^^■^^-^^ "^^^^ t:re..^-::i:er:c cf p rc 1 1 f - ra " ^ ve vascular 

1 .-^ : i- i^^rs , :. na ladar:g aa ::e r as a 1 ere s i s and ^nt ^n.a ] 

a, a: era lastaa reaeencsas f allav/ing aaaiapl ^aay , 

•:a;iaraereaaany , vaaaalar graft lag, organ transplant, ar 
viaaa^ar aaent eaplaaement . In addat ecn ta ant i -aa/eat 2 
antaooaiea. mhibetara aaeful ^n thia reaard malade 
a-nai: niceaule laaebitars and angaa genaaa 1 1 y or 
ai t ogenr a a 1. ly maat ave re ::ept or - i2 indarg f ragaent a of 
a\'egf2 pc^ 1 v^ep t ades . Inhibitors are far:nulated zor 

pnarir.aceat ea use as generally dasclosed above, taking 
-i-r.to aaaoant the preaise cheraacal and physacal nature of 
too inhab-to:: and the aoriition ac be treated. The 
relevant de t e rmana t i ens are withir the level of ordinai"y 
skill an the formulation art. 

?oI\'nucleot ides encodang zvegf2 polypeptides 
are usefu^ wathin gene therapy appli oat ions where it is 
desired to ancrease or inhibit zvegf2 aotivity. For 
example, Isner et al . , The Lancet ^ibid.) reported that 
VE3F gene t::erapy promoted blood vessel growth m an 
isonemic Ixmo . Addit lonal applications of zvegf 2 gene 
a h e r a p y include s 1 1 mu 1 a 1 1 on o f woun d healing and 
rapopulation of vascular grafts. .-aitisense methodology 
o-at be used to inhib- 1 za'egf 2 gene trasorip t ion , such as 
ta inhibit cell proliferation in \^±\/c , 

The invention is further illustrated by tne 
following ncn- limiting examples . 



Fxamoles 



■i-::^'. k:a":r;ny was r--'par^a - liim__t:-: rv,-^ r ^■ 
-'■'1 aaing \ :>'a a 1 1 aC'n ' jDiJA Amp _ ^ f i oat -O r: Kit a2A:a"-an 
..^b'araaaa..Lea , inc., 1 £; i a= Alto, CA : . Tais -;CMA was us^d 
as r.ampJ.ate !■..) aeaeiat- DNA encodino human zveaf2. iO:y 
35 primers v;ei'a desianed from the se^Tuenoe of an exa^r^^-se<:i 
' a- dA-T~ :a :\ PNA ^-eg-.^eno^ database. F : li^ 
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a l;i:0 d^:.ut:icc r;r "emplane DNA was ccmbmed wizh 2: 

• 1 XO : :.n .1 FEE Tiixrure . T::^- reaccLcn m.xture was 

: n-ucan-^d an 94'C fcr 1 rinuce, men run fcr ^5 cycles cf 
4 1 , 2 J c e c c nds ; c 5 1 m mu t e ; foil c we d by a c e x c e n s on 
^'4"C fcr LC minutes. The F'CR product: was purified by 
eel lect ropncres 1 5 :.n duplicace samples. One sample was 
-xcraccec fi'iir; the yel using a Qiaqutc-t^^^ solemn I'Qiagen 

' ^- c . , Ch a t s v;c r t h , C A f c i" s u b £.i e uu err use as a p r o r e f c r 
Xcrthern blots . The other sanrple was extr^acted from the 
y e 1 3 a ng a c omm.e r c i a 1 1 y a va r 1 ab 1 e k r t ; v; a c ar d " > a t ; 

Ir omega Cs^rpi . , Ma da sen, WI ) and s^yquenced. The sequence 
matcned that of the EST. 

The remainder of the 2vegf2 coding sequence v;as 
cli'uea by RACE (raped amplification of cDNA ends; 
essentially as disclosed in the Marathon''" cl?i^7A 
PcT-richrca taon Kiv Protocol and Refe±-enoe Manuail (Clontech 
Laboratorres , Inc.) using primers complementary to the 
EST sequence. A 5' RA.CE product was amplified from, the 
heart cDNA library usrng 5 |al of a dilution of 

t em.plate E-NA and 2 0 pmoles e ach of prim.ers Z CI 0 92 0 ( SEQ 
ZD NO ; 6 ,1 and API (obtained from Clcntech Eabor-at c r ies ) . 
Tne react icn mixture was mcul-ated at 94'^C for c^ne mdnute , 
t ne n run for 35 cycles of 9 4 ""C , 20 seconds; 5 3 "C , 4 
minutes; followed by an extension at 'M^'C for IC minutes. 
The 3 ' EJ^CE product was amplified from the sam.e library 
using 5 of a 1:100 dilution of tem.plate DNA and 20 

pm.oles each of prim.ers ZC10 913 {SEQ ID NO : 7) and ATI . 
R e a c 1 1 c n o or.d i. t i o n s we r e t h.e same as f C' r the 5 ' RACE . 
Rested prime:o^ wei'o ■.;5ed fi^r turtoeu oa : n .u e r 1 z 1 1 an if 
tu-i- r-^sultvino or:"oucta. To- ■"" ' anj ^' -R-^l-: o -.diu"- 1. : ; w-o--. 
ieamp:liiioa ucimi 2 0 :m;a;-s eacu ci Z'ZZZZZ- ;EE:^ 12 ^R. : -R 
.uio A^2 occcainec frcT 2^ tut ecu haocr a t o r ^es ■ , ana 
ZRiO'^lJ (EEv^ f2 Ml : 9 ; and AT2 , respectively. Toe 
i-actian m.ixtures v;ere incubated at 9 4 "C fcr one m.mute, 
tnen run f-r 3^ iyi::es cf 34^R ZO s^ic/:n:is; -'-^ ZZ 
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■ni.ni:^-2S : f::ilowe(i by :i 7-l"C incubatii::: fcr 10 niini.:t:--s. 
Th- ■ proauctis were 1 . S and : . e kc zor ^ne E ' 

■"^-^^ ' rea:::: icns , resp^ectiively . Gel e lec t: r aonc r e s i s 

sr-cv;ed the 5' ar.d 3' r.ested RACE products to be 1.3 :'vb 
S ana O.S respectively. DKA was extracted frc:n gel 

dice asrng a ccrrmer c lal 1 y available kit (Wizard^^ :vrt ; 
Ircxeqa Ct:"^. A and sequenced. 

Analysis ot t]:c 3NA. sequence iSEQ ID NO : 1! and 
the enccded pclypeptrde {SEZ ZD NZ : 3 ) rndi -ated the 

30 cresence of a 1CG3 nucleotide open readme franr.e encoding 
a p-..tati\'e signal sequence of 21 to 33 amino acrd 
'■esiiues, a putattve propeptide cleavage site at resrdues 
108 to 10 0, a Balbiani rrng motif i residues 25 7 to 
approximately 274;, and one slightly degenerate Balbianr 

13 ring motrf i approximately residues 275 to 294) . The DNA 
further rncluded a polyadeny lat ion sigr.al and pol\MA; 
tail . 



Example 2 

A full-lengtn zvegf2 DKA was generated by PGR 
using a the heart cDNA library ; 5 ),il of a 1:100 drlutton) 
as t e rrp: 1 a t e and 2 p mo 1 e s each of primers Z C 1 1 7 0 2 {SEQ ID 
NO:10:i and ZC11793 (SE^^ ID NO : 3 1) . The reaction mixture 
was incubated at 94 °C for 3 minute, then for 26 cycles of 
^4-1, 30 seconds; 70^2, 3 minutes; then intubated at 74^2 
fcr 30 minutes. The resu3ting 1,073 bp fragm.ent was cut 
w^ith HamHI and Kpnl , gel purified on a 0.7% agarose gel, 
and subcloned into pOZ-1, which had been cut with KpnT 
and -.amHI . Plasmid pOZ - 3 is a mammalian cell expressi-^^n 
'/ect::i- cc:r:.' r ^ s i n :i the i^f^so n;e t a ^ 3 i^ t h i :.■ ne : n - 3 c r tmo r. o ; 

o :^ ::to r rtOiaq--: T^' promoter florJiod 1:;/ m.mt.:p".'- t3.:r;iu:: 
:::an;:^i containing unique rest rioti in sites lor insei-t:oin 
coding sequences; tne numan growtn normcne terminator; 
tiio oact er lophage TI" terminator; an D. coil crium of 
-'^rd moat ion ; a tacterial seta lactamaf'e oen-^ ; a mammalian 
1 --:tab3-^ -oriru-r exp i"-: c s is n am t iimpii. s:ng "no ^V-o"} 
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r Z'TT.c t er and c r i , ^ DHr R cene , and t ne SV4 C 
•:rans::rip-:icr: c-irnmat^r; and a sequence enccdinc; a C- 
-: - rx^na 1 c a lyni d ..ne t. ao ciawns a ream a f an- MT - 1 
::a:a":ater . The nasal ring vectar, designatea zvagf2-?L, 
5 vnas sequenae'd and found a a haa'e a he cor re at sequence 
encadang a His-aagged zvegf I . 

A EMA cans true a encc'ding a Has -tagged, 
ai'unaaaed avegf 2 polypeptide was also constructed . Tne 
'.-ncod-c pclypepa :.ae consisted of residues 1 to 137 of SE2 

10 IP NO : 1 with 6 hist idane residues at taoned to the 
o a r n o x y 1 t e r n: i n u s . The t r u n c a t: e d z a^ e g f 1 sequence was 
generated by PCR using the 5 ' RACE product drs closed in 
hnanple 1 as template. The DNA was diluted 1:100, a 5 ul 
of this template v;a3 combined wath 20 pm.cles each af 

15 primers ZC11626 'SEQ ID NO : 12 ) and ZC11527 (SEQ ID 
NO: 13 I . The reaction mixture was incubated at 94''C for 
one minute, then run for 4 cycles of 94''C, 20 seconds; 
C2"C, 3 minutes ; 23 cycles of 94°C, 2C seconds; 70°C, 3 
minutes; followed by a 10 minute incubation at 74'^C. The 

2C resulting 501 bp fragment was cut with Kpnl and EamHl and 
purified by electrophoresis on a 1% agarose gel. Tne 
resulting fragment was ligated witn vector pOZ-1. Tn.e 
resulting vector, designated c^regf2-T, was sequenced; 
revealing the presence of two silent nucleotide 

25 substitutions in the zvogfl sequence. In tnis construct, 
nucleotide 297 of SEQ ID NO : 1 ua; was replaced with q, 
and nucleotide 54 9 IT) was replaced with C. 

3H?: cells were transfected with the zvegf2-I'L 
and cvegf 2 -T constructs , and with an unrel at ed neaat i^'e 
- './ntri/al pyaemia. T r^an r; i -^^c 1 1 1 n peels wei- ^-;oltur^^d _n 

■ a -u^ - 1 a :.■ ■ a \ - "I '-'ag hj ' m-uiu-y. -unta^n^n : . 

::etai call serum. I_.liures reaching ill caniluence w^::re 
w:^ shea anoe with s e i" urn ^ free :i:edr urn . DMEX wi t n I nu. m^ 
a'-:^anium, L ua/ml t r^ans fair m , C.5 Ltu,'':'il fcl^in, and 1.25 

■3 5 .u g /' : i n s u 1 i n i a n d i n c u b a t a d 1 n the same m. e d i u m f o r ^ 6 
a- ura. Tiie aas\a:iinr - n d i a ^ : d medin v;er-r .nca n t r 1 1 -^-a 
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ic:-fcld Ji- ^,ZO0 n;iol^cular 'A^eiaht ruz-crf f^^itiers 
:-I^l_,iccr- ::i::i:af ree- 15 ; , and 5 llI cf each zz cae 
r a-alraaa ^axpiea was suojaccea SI'S A3 E under 

r aaac^ng ^r-^ndir icns ( Xovex precast: Nucage - 12% 

acrylaxide gels run wi::h r<ES buffer; . As a pcsir^ive 
conarcl , nuriidied pol yhasc idine - tagged M?L recepaor 
^dcsclased m wrPC Publicarian W2 95/21920; was loaded an 
quantities cf lOCC ng , ICC ng , and 10 ng . Gels were 
nlc 1 1 ed t a n 1 1 roce 1 1 lose f 1 1 1 ers ana prcbed wi t n a -nous a 
iT.c nc c 1 ana 1 an 1 1 oody sne c i f i c f c r a C - a e r-n c na 1 
aligahisa^dine tag : Xn^,^ 1 1 rcgen cat. #R93C-25!. Blcts 
v/e r e p r a b e a w 1 1 h sec z n d a r y n t i bo dy specif c to aio u s e I go 
ccnyagated to horseradish f)ercxcdase ,' Santa Crua Biotech 
cat- # SC-2C05) . His -tagged protein was visualized using 
chemt luminescent substrate ;?ierce Cr.err.ical Co./ cat. 
34075). A major protein band migrating at 25 kDa and a 
minor band nagrat mg at 5 C kDa were detected m the 
2vegf2-FL conditioned m.edia samples, but net an 
conditioned media from. zvegf2-T or control transf acted 
cells. 3y comparing the signal intensity of these bands 
relative to the MF'L receptor positive control, tne 
quantity of vegfl was estimated to be approximately 11 
ng , which corresponded to 6C ng/m.l cf secreted protein m 
the conditioned media. See Fig. 2. The data are 

consistent with c-termmal processing cf the zvegf2 
polypeptide at residues 205-206 of SEQ ID NO : 2 . 

Exam.ple 3 

Human m:.:ltipLe tissue Hortherr. blcts Ill, 
cn:i CV ircm -llcnteca 1 s..;o r a t r ra i: a ; war-r pc-ca . t: 
"le t !"mi n^.. *::ic t i a sue :: :. s*; r : h'^ :t f: n i u '/•_•' t f 2 . lie- T ""F 
trrd:::a: dicclcS'-i i:: Hxampl- 1 wis ::;oelai v;i:a: - asm;: 
a commercial Kit 2<u ^ t ipr i:r.e HNA .iuoo-ing system; 
Am- rs nam iom . * . anincorcMi^ated radicact ivit\^ was 

r e m.o ve d w i ^ h a pia^ h. ^ n ^. umn. i Uw c T r a c o r o h ^ n u r : f : c a r i on 
CO lam a; Ht r.-a: ac^ar:- ■CHcning Hys tarns, Ha J a 1. a, H/a . '^"^a 
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l.abc r ::ir: 2'ri':^s , . 5 4 [ ^ 1':" ozt.'x) cf la;:^e^e:i zveaf":: 

::::e- adcea zr. ml cf ExpreasHyo^'-' hybr i di zar JLcn ^=ciuricn. 
Th-v: soj.utic:: was :rixed and added t:j the clczs. 
liyhridczation was zarried cut zvernight at 63°C:. The 
1 : 1 t: s w ere t h n v; a s h e d f c :r - ± Q rr. i n u t e s at r a C' n: t e :r. o e rat u r e 
1.:', severa 1 changes of 2 x SSC , 0 . 0 5 ^ 3ES , tnen cnce in 
0.1 X SSC, SDS for 40 n^inutes at SO'^C. The washed 

hfotz were exposed to filTi cvernight at -8 0''C. Heart, 
uterus, and small intestine showed nigh expression of 
z ce g f 2 TiRlJ"A . Skeletal muscle, 1 ung , c cd c n , and s r; 1 e e n 
showed lower levels. The transcript size was 

acorcximatelv 2.5 kb . 



3xarr,ple 4 

The human zvegf2 gene locus v;as mapped to the 
Xp22.3 - p22.1 region of the X chromosome using 

20 fluorescence in situ hybr idr zat ion . 

To prepare a probe the following were added to 
a 1.5 ml microcentrifuge tube on ice: 1 ug of a PI 
genom.ic clone (Sternberg, TIG a_:ll-15, 1992; cc ntamrng 
the human zvegf-2 gene; 5 ^1 10 x nicx translation suffer 

25 (0.5 M Tris/HCl, 50 mM MgCl., 0.5 mg/ml ESA (nuclease 

free)); 5 ul dNTPs solution containing 0.5 m>l dATP, 0.5 
mM dGTPg and 0.5 miM dCTF ; S fxl 5 mK Bio-ll-dUT?; 5 ul 120 
xM DTT; 5 ul TNase I (a ICOC x dclution from a 10 :;/>! 
-^ock, RXas-i - f ree , Scehringer Mannheim, I nd i anap a 1 i s , 



. oa.:.:t.^on v;as 



The probe wa^s purified using a G-50 PNA 
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i::s!;ruc*: ^cns ( Wc r r hmgr on B :LOc:^en:i ca 1 Core :r.= c n , 

F r e-^ ao la , N J ; . 

M^-:: a phase .jhrcn;cs 3ine s v;^r^ oorained froir, a HEL 
■::u_::ui~a. ICO aclcexia :i: ug / rr.i stia:^:-:, GIBC:: ?^RL, 

Oair::-r£bur:-:, i-X} was added ta tine medium of a IZZ x 15 
T.-n petiri dish used lar r he cell culture and cr.cubared ac 
17'^C ror 2.5 - 3 hours, chen che mediuai was removed iron 
r-e uecrc disu U3:.:':c a 10 nl snerile plasti:: pipeLie ana 
r: race f erred lo a 15 ml ccniial ccoe (Blue Max"^*^ ; 'Eecton 
hicrcmscr, Bedford, MA). Tv/o ml of 1 x PBS (140 mM NaCl , 
1 mM KCh, 8 r;M Na2HP04 , 1.5 ml! P:H2P04, pH 7.2; was adaed 
r ? ::he pecri dish far rinsing using a 5 ml sterile 
P^^astic pipette, then transferred to tne conical tune. 
Two m.l of tr'/psm {stoca solution, GI3CO 3RL. ) was added 
to the petri disn using a sterile 5 ml plastic pipette, 
and the petri dish w^as gently rockea and put into a 27''^C 
incubator for 3-5 m.mutes . The cells were then washed 
from the petri dish using a 5 m.l sterile plastic pipette 
and added to the tube with the m.edium . The culture tube 
w^as centrifuged at HOC rpm for 5 minutes, and all but 
0.5 m.l of the supernatant was removed. Tne pellet was 
re suspended by tapping, then 8 m.l of C . C 7 5 K KTl 
iprewarm.ed tc 37^0) was added slowly and gently. Tne 
suspension was m.ixed gently and placed m a 37^0 water 
bath fcr 10 minutes. After the incunation the suspension 
was centri f uged at 11 CO rpm. for 5 m.mutes , and all out 
0.5 m.l of the supernatant above the pellet was aspirated 
off. The pellet was r^;^suspended by tapomg the tube. 
Olid ;:iethancl : acetic acic ^3::) was added drcpwise with 
chakir:g t; r:x th^- Twa -d t i w-ic adaea : :\ 

"hi- m^curuu A ^:ti_ t - c.i wis ..;idei cl_:wlu c: :i 

- ■■ ; e li t J. vU Tne r u j:> e v; -..i l; _ a c u : i i n a r e f r i a e rate i." f c :r 2 
".^nut-zrs, taen lentriiuaec lor - minutes at ^^10 rpm . I n- 
sup'einatant was again aspirated off, and tne fixation 
process was repeated two more times. Tc drop m.etaphase 
spi-eu'ic on 2:: ^^5 mm ru;ec : -^-.-ic e i , irojt'^a o:ass alia-- 



or: eacn s^iae with a 2 0 ul tii cr oc ipec r e Gibson 

susp-fr r:s lor: . The sliiies were allowed ::o ai. r ary. 

-"'-^ .:'_rae£ were scored for sureahle rr.ecapnase spreads us- 
inq a rr.iorosccpe equipped wLoh a phase cororast ccn- 
(i e n s e r . Uku s e d :Tie o a p base o h r ono s (Drr.e s d r d o r e p a r a o r o n s 
were o o r e d a r -70^ C . 

Hyor idizat: eon mrxoures were then prepared . For 
each slide, 2.5 - 5 competrtor DNA (Cot-1 DNA, GIBCO 

3R:d , 60 - 20C ng brot: ir.- labeled PI DNA containing the 
oveglO gene , S2 - ICO llcj carrier DKA denatured salnnon 
testes DNA, Srgma Chemical Co. , St. Louis, MO) , 1 ul 3 M 
Na acetate and 2 vc.lumes ethancl were placed in a 1.5 ml 
sterile m.icrocentri iuge tube and vacuum- dried in a speed- 
vac concentrator. The resulting pellet was do s solved on 
10 of a h\-orrdi::at ion solution containing 10% dextran 

sulfate, 2 x SSC and 50 - 65V fornamide { Science, 
Grbbstown, N J ; . The probe and competitor DNA. were dena- 
tured at 7C - 8 0^2 for 5 minutes, chilled cn ice, and 
pre -annealed at 3 7^2 for 1 - 2 hours. In seme cases, a 
digcxigenin- l^xbeled centromeric probe sO'ecific to the X 
»c h r o m c s o n; e ; C M Z 1 , ^ n c o r , G a 1 1 h e r s b u r g , M DO was added to 
the hybridization mdxture after the pre - annea 1 ing step. 

D e n a t u r a 1 1 o n of the c h r o m. o s o m e s was done b y 
immersion of eacn slide in 70% f ormamide , 2xSSCat70 - 
8 0-C for 5 n mutes, follow^ed by imiT,ediate cooling in ice- 
cold ^0% ethancl and then 1D0% etnanol for 5-10 mmut^ 
'■■■acn. Tne slices v;ere tnen air driO'd and v;armed 

chromosomes were then covered witn a Ir x 1 i rm ■ , hu'not; 
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After rer:;ov3l cf the covers lir:s, the £:iices 
v/e 1" e v; ashed 3 x 5 n u t e 3 p e v; ash in 5 C - 6 5 ^: r o r t. am i de . 
Z X ^Li^Sd at 4t'"'C; 3x5 nrinute^~ in 2 x SSC at 42'=^d, and 
^:r:ce f-.r 3 "n:. ::utes in 4 x SSC, .:.05a 

cc l\'axyet::ylexescrbitan :tioxc 1 aura t e drvyeen-I?; Sig--;a 
:heaiital dr.; . Waanaxq was foiitwed by a 20 raiXLite 

prearcubatrtn ;vttx 4 x SSC ccntaintrg 5% ncn-fat dry milk 
.. Carxa" ten , Los Angeles, CA) in a moist chamber [100 u\ 
nnder a 2^ x 5: nn coverslip' . The pes t hyr r i d i zat i en 
s w ep s p r C' c e e de d t nen with a 20 m a nu t e a nc ub a t i c n w i t :\ 
f 1 u c r e s c e i n a v i d i n 2^2 S ! c e 2 1 sorter grade, Vr; c tor, 
E u r ^ 1 ngam.e , CA ! ■ 1 0 0 ^ 1 , 5 ag / m 1 , in 4 x SSC, 5 % nc n - fat 
dry m.il.-: under a 2 4 x 3 2 x.n co'/ei's 1 io 1 . The slides were 
then washed 3 x 3 minutes in 4 x SSC, 0.25% 
p o - y c >v/ e t hy 1 e ne s o r b a t a n mc n o 3. a ur a t e , fell owe d by a 2 C 
minute i nc uba t a cn with biotinylated goat arti-avidin D 
iaffanity purified. Vector) (5 ^g/ml in 4 x SSC, 5% non- 
fat dry nalk under a 2 4 x 5 0 mm covers lip) . The slides 
were again washed 3 x 3 minutes in 4 x SSC, 0.35% 
po 1 y a x\'e t hy 1 e ne s o r b i t an m.c no 1 a u r a t e , f o 1 1 o w^e d oy another 
incubation with fluorescein avidm DCS (10 0 ^1/ml in 4 x 
SSC, 52 nc n - f a t dry m 1 1 x under a 24 x 5 0 m.m c o ve r s 1 1 p } . 
3n somie cases, the signal am.p 1 i f ica t ion procedure was 
repeated one additiona3 tim.e. Tor the preparations which 
mcludea the X chrome .com. a 1 DX21 centromeric probe, a 
1:103 dilution of biot in - labe led m.ouse anti-digcxin 
■Sigma Chem.ical Co.) was included m tne first incubation 
v;ith biotiny2ated goat anti -avidm D. The final washes 
v;erc for 2 x 3 minutes in 4 x SSC, 0 . 05% Tween-23 ; and 3 
y~ mm'ito.:" : n \ x PCS . 2he s ^ i a s we:-^-- mount ec in 

:n:t ^ :.a-r.j m>--...r...m ■ n.tr-.i jlyc-rcd ii:nt a lx :uy_: 2- ] .. 4 - 
c..ccr : cy 3>. - . ^ , 2 , .A -..uX.an'z: . 2 Al^CO , .:iss,A v. - ;m. 'V3 'C ^ 
^nu one part .,.2 M C:.ns-r23^, pH 'A 3> ana 3.^ a - C.- ^.g,m. 
p r C'P i d 1 urn. r d ^ u e : . The s 1 i d e s were vie w e d o n a^ n C 3 \ 'm.n u s 
3H2 microscope equipped with a 3:-:2-RFC reflected ^^ght 
f rr^reacence attachment, a CK-20 ACS autamain.- 
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3 ^ o 1'- \' 1. a e c c a t, e r a s \' s t e n: and a F I T C T e x a s Red f^lz^r sec 
1 c F r T ? \' ^ s u a 1 i z a c _ c n . Images a f t h e nr. e ti a p a a s e 

-aa"Tioacn:e apreads wer^ dia:.aized aad aaared uaiag ane 
dparaaaas video Lxagiag aanera aystex and Gpainiaa 
safa'va-a dioahell, WA; ruaamg oa a 4S-S ccmputer. 

?oaiaia-e labeling was seen cniy an ahe p am of 
aae X ahraracaaxe (a > 50 metaphase spreads; . Tv;enay- 
a h r.- '-"i a a^ a. r c n^. a^ a om e a^ we e c lies e a far a u b c a r c m a^ s o m a 1 mapping. 
"Jaaag the FLpter xechod (aachter ea . al . , Science 24J_- 
1930.:, 44 hyoradizaaaan signals were aonsidered 
s a L a ab I e i a r Tie a sa r exena , o f wh a a a 9S . S °o we re 1 cc a i a z e d 



Fxaraple ^ 

Za'egf2 protein is analyzed for mitogenic 
actia-iay an human dermal fibroblasts ;SK-5; . SK-5 cells 
are plated at a density of 8,000 cells /well an 24 -v;ell 
culture plates and grown far approximately 72 hours m 
CMEM containing 10% fetal calf serum at 3 7 '^C . The cells 
a r e made gu a e s c e n t by i ncuba ting them for 2 4 houa^ s an 
seram-free DMEM/Hams F-12 containing insulrn (5/^g/ml;, 
trar.sferrin ;20 /^g/ml), selenium. (16 pg/nl) and C.1% 
bov_a.e serum, albumin (ITS nedium) . At the time of the 
a 3 3 a y , t hai ITS t. e d i u m. is r e m. o v e d , and test s a m. p 1 e s 
aaonditioned media from BHK cells aransfecaed with 
plasm.id za'egf2-rL) or control sam.ples (conditioned media 
from 2HK cells trans f eat ed with an SRH!- luce r fas e contract 
r-.r tram un arans f e a t ea 5HK-57:: aells) are added tc the 
'-'■a: I : a :a: i -ialaaaa- . Xad.. ..: aa-^ an aea a a a t a a 1 :a fal i 

v/ita :iaiaiam aai aaa^aa a.:' ta-": aaaa c-LLa. Arr--i 

.a a^ a no 1 4 na\^i- a a a-..:a'aa i aa , mi a acren^ a a i \'a a / a 

assessed I.'/ ap t ake or [ - a ( - *: hym.i. dane . Far- maaauramant at 
[ ai; - tnymadane incorporation, 50 -iL of a 20 ^/Ci/ml stoca 
:a: ly^/M : a . id-": d' r-.aaly aa la.- aa:.,a . far a r ma L 
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t':^^vL*:\' . r 1 ^iCji '.ve^^. The rells a r-^ subs e que L'/ 
lu -ui-a:ied f -r 4 hcuus at J ^ , v/ashed cnce wich PES, and 
i::j:_cared v;l:;:i Z 5 ril c: trycsiu ^ncil cells detach. 
Thf^ n-^Hs ar-e harvested using a r' 1 1 c^.r rn;at: a ''^^ narvcct ar 
Pacriard Inctrument Cc . , I^eriaen, CT) cnta 24 -well filter 
elates . Subsecuently , the plates are drred at z2 t cr 
- ■ t 'i^Lcutes, sealed after adding 250 ul/well Xi arose in -- O"^'^ 
■ I-'^'.'aai-d instrument Co.) and ceunted on a Topcaunt'^^ 
'!>iirsrlate s a i nt 1 1 1 a t a on counter ^Packard Inscruaient 
Co . ) . 



Example 6 

;1 u 1 1 u r e ni e d i u m was conditioned f c r 43 :z o u i" s i n 
tne presence of BHK cells trans fee ted with the f uil - 
length zvegf2 ccnstruct izvegfl-FL) . One liter of 

conditioned median was passed through a 0.2 xicrcn 
filter, then adjusted to 2 0 nr.M imidazole , 4 10 mM NaCl , 
ana pH 3 . 0 with NaOK . The adjusted medium was passed 
C'\^er a 15 ml cclumin of nickel chelate resrn (Ni-NTA 
agarose; Qiagen, Chats worth, CA] . The column was washed 
extensively with phosphate buffered saline {3 6 0 m.M NaCl, 
8 . 1 mM KCi , 30 m.M phcspnate pH 8 . C ) containing 20 m^M 
im.idazole, followed by phospnate buffered saline 
containing 10 0 mM im.idazole . Bound pre tern was e luted 
with 15 ml phosphate buffered saline ccntaming 2 0 mM 
imidazole . 

The eluent was concentrated 300 X on a 3 kC 
cut-off filter, washed with phosphate buffered saline, 
n 'C c o n: c- e n t r a t e d ^ c- a 3 0 u 1 -/ o 1 u e o n the s a mi e c u t - ^o f f 
: - tei . i - 7^ ni - 1 t. n- :-'-su \ i mg c.nui .:en t i^a t was 

; ^. y >'-r.-d tv - :. e c t r i p n ; n-.js i s _n \ -.-i.C; Cl-d ■ p c 1 y a r ry 3 am^ i- 
m 1 n^ psesence - 33 ( > see i c !!■ t .: ':c:n mc 3 , 'cC ■.: w-. .: d ny 
3ccmass_e slue scarnrng. Cn:a::-::: ;^u.cte:_n :::ar.:ii: , g,. t ^c. . : 

... t 2 3, 2 , and 50 kC , w- re do t e--; led . 

An identical gel was slotted to a 3V2r membrane 
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Indiviaua.. przjieir, cands ver- cut fron tno olct ,a:id 
s--::-_:-;r:ceu .isir^g ^u: Applied 3ic;^ysterT:G 47bA pr:::T:e_n 
Lj-quericer e^ru:.cp'-d wzL^ii cn-I:.-e h^;^:: pe r f rT.an je l^.quia 
'.:nrcrrat3^raphy . The amiino ner-^mal sequence cf the 16 

1 kD oand was aec ermcned tc be SIQIPESDR , whi cn cc^r re spends 
to tne predictea sequence of cvegfl starling at acitnc 
:.cra 206. The a:ntnc termtnal sequence of bcth the 25 and 
;vT bands was deterxined te ce XXNEHGPV?:RXX0 , wntcn 
ccrrespc-ds tt the predicted sequence ct cveqf2 starting 

0 .-it amtnc acid 22. 

The cvegf2 ;22-3o21 pclypepeptide has a 
rredicted polypeptide oackbtne iiolecular mass of 35,000, 
suggesting that the 50 rcD Cocnf^ass le - stained bana 
corresponds to zvegf 2 ; 2 2 - 2 6 2 ) . The two bands migrating 

5 at 2b and 23 kD appeared to result from cleavage of this 
50 kDa protein at residue 226 ;Ser} . The resulting two 
peptides, zvegf 2 : 2 2 - 2 0 5 ) and zvegf 2 { 2 3 6 - 3 62 } , have 
predicted rr.clecular masses of 20, 900 and 17, 000 
respectively . Furthermore , only the 26 kD and 50 kD 

0 Cocnr.assie stained bands cross -react oy Western blot with 
a monoclonal antibody (Invitrogen cat. R93C-25) directed 
against the 6 histidine C-ternmal tag. The presence of 
a non-his- tagged peptide in tne nickel -purif led zvegfl 
product can likely be attributed to disulfide 

5 inter-actions between zvegf 2 c:ol voept ides . 



From tne foregcing, it will ce appreciated 
that, although specific embodiments of the invention have 
iieen descri.be a nerem for purposes of il lust rati cn , 
—"^1^'' di r i --it icnc may c-:- mace w:tdiiut dovratin-i r rem 
:o^.^: cririt and sccte if *:he m-z-^^r:*- . A-ii't i i no : \' . -do-- 
event icn i^ nc:.. iimlt-i ^:xc-^p- as i.y t::.-- app^o.uei 



a ims 
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lAC: L.istlc:ke ^.ve^n.)(; East 
Seattle. .va'.h- rcacn '36102 
Ui-ted Stales -t Aner-'icc: 



r^. T:TLE jP t"P INvPNTISN: VASCULAR SNDG^-PI [A, GRSWTH 

FACTCP 

■ N.^^^BPP jF SEOtJSNSES: 

uv) COF:P.ES^C\DENCl ASSRESS: 

;A) A[a:-ESSEE: ZynoGenet ■ cs , inc. 

:tn STREET. 1201 EastlaJp Avenge East 

Ml) srp': Seat^^e 

' L; ) STATE : WA 

E - ■lOUN'RV: USA 

■.r) 2IP:: 98102 

(V) CCMPUTER READABLE FGR^ : 
(A. f-EDIUM TY^E: Diskette 
(A: ("OMRLrER: IBM COTipatible 
(Sj C^ erasing SVSTE^: DCS 

(P.- SG-TWAkE: ^asiSEQ fc^^ .^inco;^o Ve-5ion 2a] 

/- ^ SURRENT .^.PPLISAT:GN UATA: 
;Ai APPLICATION NUMBER: 
i.E; PILING SATE; 
■C^ ( LASSIFISATICN: 
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r- ' ' -*^jRN- AG- NT A,FG(-^^'ATiG\ : 
B. AEG A- TA/^^ I ON \GMBER; ]l,b4c 

.g: '<ee":^enge/dgc:;et gjmba^.; gg-ig^g 

t x: GELEGGMMiJNA:AT:GN :NE0RMATIG\. 
^EGEr"]flE: G0':-^^:G-do73 
A-A ^ELErA< G'GS-AGG cG78 
^.7 ^ 'ALE.' : 



A A :\F(:[A-MA7G FG7 SEG ID \j: i, 

: 1 : 7EGUE\CE AiAf:A7TE7:STI77; 
:A.? LENGTH ll'!7 base pa^r^ 
: e > TY-E : n.^clf : aci G 
M:;f GTPAGDLDNEGG: £i--le 
:C) TOPOLOGY: ^"'nea- 

(, - 1 MOLECL^^E '^P- : cDNA 
(-A) ^EATUPE 

■ ^ ] \ AH E / G E Y : Z od " r, g S eq ue-^ ce 
<.B; LOCATION: 'A . , 1068 
<D; G^HER INEG^:MA^:0N: 

(;<:; SECGENCE DEGGRP"^:ON. SEC ID G0:1: 

GGTAGG ATG PAC AGA GAG ^GG GAA G'"G G""G AAA 3TT TTC ATG ATG TTG 
43 

Mot. ^.vt Arg Glu Trp VGil Va' Va^ Asn Val -he ^e: Me: Leu 
1 3 10 

-•A. Gi \. . .-Ij 1 o G . '.^/-.j T'^L AA^ GAA 77 [ GG7^ A'A G"*7^ AA7 
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■ 1 \:A'j (jAA C\A C"!' ^aA .-V i :'.\J lAC T'^ GAG GAC TGG 

uA... G\i L-'j ■A'r; ;> '-^r ~ :^. r G ; . "-.p T-p 

5:. 60 

AAA "A;':. AGG GIG AGG I ^G AAA AiA' GT' ^G:G AGT AIG 2AG 



^oj T'^: A'-q Cvs Arq Lefi Arq L^^u Ly- G-r" Phe A;- ^e- Me: Asp 
6- 70 'f- 



Gr^--^ --^q Go'^ ^Ga Sor h'^s Arg Ser Thr A-g Phe Ala Ala Arr --e Tv^r 

80 35 GC 

G/>G AGT GV^ -:^A G^A AAA G" A t\ 3at G^G- G-A G3G G-A AGA AG~ GAG 

-:.p He Glu i-r Lei. Lys Va' I :e Asp Glu Glu T^"[) G^n A-g Thr^ 31 n 

■^•'> IOC 105 ^ 110 

"":jC AGC CZ\ AGA GAA ACG TGC GTG GAG G'G GGG AG' '^AG GTG GijG AAG 

Gys Ger ^ro Arg Glu Thr Gys VGA Glu Val Ala Se^^ Glu Leu Gly i.ys 

lis 120 125 

a:::T ag: aag aga ~tg "tc aasG ggc cg^ tg' gtg aag gtg ^g gga 'G' 

431 

Ger rOr Asn Gir Pf^e "^-^e .ys -^y- P-c Gys Vc- ' Asn /:G1 =-.e Grc Cv- 

130 135 140 

G>:.T GGC TGT ^GG AAl GAA GAG AGG CTT ATC TGT A'G AAG AGG AGG ACG 
ioO 

Gly Gly Gys Cvs Asn Glu Glu Ser^ Leu He Gvs Met Asn Thr Ger Thr 

145 150 ^ 155 

~GG :"AC AT' TGG AAA GAG GTG TTT GAG AAA TGA GTG GC""^ TTG A(G^. TCA 



1-^5 IBC 185 19: 
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'"^'-^-^ ^-'-^ C-^ cc,^ r-c -.yr a^"" '-ga ala tct 

J.- Ki-G 'hr Ale -v^:: H . P-.: ]i^v :ie Te A-c A— Se- 

^5 ■-J^^'^ ,..^v., .r.^ [_C i^AT TC^^ AAij -AA C i C ^GT 

l^e f^"^:' G''. ^lu Asp Apg -y. Se- Lvs L vg : ^-u 'A/- 

^■^^ 215 a;.:o 



P^\; I ''^ol .,eu "^rp A-p 'v^- As- I s'S Ays lv- ''^vg L^l 
225 ■ ■ A3j ' ^ 225 ^ 



A C T i:2 GGA ACA _^Ai .;ac :;ai.: 51 GA^ (. 



Gh.i GG.i Asm Lej Ala Gly Th- Glj Asd r^s Ger hG 3 LeL Gin Viii 

240 2^15 25G 

GGA GG^ GTG TG^ GGG GGA 5AG ATG AG"G TAT GAG GAA GAT CGT TGG GAG 
816 

?^"o A"^^ LeA Gvs Giy Pro -is Met f-e: Pne As:: 51 u Asp Arg Gvs GIl 
255 260 265 ' 270 

TG' GTG ^GT AAA AGA GGA TGT GGG AAA GAT GTA A"G GAG GAG CG ^. AAA 

2vs Vol Gys T-r P-s Gys P-c pys Acp ^eu Fe G^-^ s P-c L/s 
275 2B0 285 

AAG TGG AGT TGG TT":" GAG TGG ,AAA GAA AGT GTG GAG ACC Ti5C IGG GAG 

912 

2_y3 Ser Gys Phe Glu Gys _ys G'u Ser i eu Glu ^hr 5 /s 5ys Gin 

290 295 300 

CAG AAG GTA T^T GAG G5A GAG AGG TGG AGO 'GT GAG GAG AGA TG5 



"8 

■ ■■^-^ f G s ^fr' A^'G ^^^'G y -.'s A ] , 

^5 



gg: '-"^ 
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L ■. F NG'^- ■ ; o ^ ^ a m 1 n(3 d c Kj s 

, ~ f PE : ::m ; no ac^ d 

' : : ^"R/'IJIFDN[5G ■ ■ nq ! e 

vJ) ':uP0LC3Y:. 1 mear 

; 1 ^ ^ MC^FCILE TY-E: 3rote:n 
.V, FRAGi^^EMT 'YPE: interna; 

SECREiJCE DESCRIPTION: SEQ :F) NO: 2: 

lyr A-g Slu ^rp val vai Val Asr Val Phe Met Met Leu ^yr Val 

■ 5 10 IB 

u^r: Leij VYr Gin Gly Ser Ser Asn G'^ His G 1 v Pro Val ^ vs Arc Ser 

:0 25 ^ 5C 

Go- G'n :^e^^ ^^^r yeu G'Aj A-- So- Glu G1n Glr He Arq Ala ,^^3 Se- 

Se^^ Leu Glu G:L, Lej Le:. A-a He Th- r-ie Ger Glu Asp T-p Lys Leu 

^G 5d 6G 

F-D -^rq Gys Are Le:. A-c Leu Lys Ger -ue Ghr Se^ Ket Asc Se- Arg 

65 70 75 eO^ 

Fe:^ A;a G^ar ma Arg Ser^ ^Yi:^ Arg F'^e A^a Ala Tar Phe Ty- Asp He 

35 9C " 95 



'G's ='^r'* u e a F-;- Lva I F /a '^^y, ^a-T^ 'G'- Fr'^' - 

14- laF' :55 loO 
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3(b 
Hi s 



290 
Pro 



T[ir 

'' 0 

Phe 
Arg 
Pro 



2 0 

P"0 



-TO 

340 



Cy; 
G1'. 



hi -I 
Ar^fj 



Ash* 
310 



:15 
A-n 



:"Iu A-:p 



-TO 



A::o 



As:: 
Leu 



Thr 



Gly 



lyi Arc Ala 



Lys 

Ala 
3A5 



20P 

'-r i.vs [.ys Lei- 
Ly- Cyc va: Loj 

9 -"^ 

H: : Leu G I n 

■j ' A-;: [; Arg C;.'s 

I Lr G 1 n A"i s Pro 
285 

300 

G/s L;] u Ai:p Ara 
215 

Th- Ala Cys A"' a 
330 

Gin Gl V 3 



Cys 
i ie 
f-ro 



Gin Gl 



■ ro 
:55 



J ! iJ 

2 70 



Ser 
35C 



His 
335 
A-g 



Pro 
Leu 
Pin 



Glu 
240 
Aid 

Va^ 



vs Asr Cv' 



Pv- Phe 



'"q Lvs 



v2) iN-ORMATICN FGP SEQ :D NG:3: 

n ; 2EQIJENCL CHAPAGTEPIGTICS : 
2Ai LENG~H: 16 am no acids 
{B) TYPE: anmo cicid 
(G: STRA\DLCNESS: single 
(D; ^OPCLOGY: linear 



(AT: MGLECLLE T-^PE: oept^do 
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) S":JF:NC: DLICRI--^^\0H: sec :D N0:3: 



5 r: 
(1 : :EQHE\;:r characteristics: 

C-^, EE^JG"!-]; CC base caira 
Bj TYPE ■ nucleic ac^c 

,c: :tra\dee;necc: su^de 



( VI 1 : IMMEDIATE EOURCE: 
■R} CLONE- ZC109I7 

CECJENCE DESCRPTICN: SEG ID >iO-A: 

GCCACACA^G ATGHTGACC AAG 

(E) IC^CRKATIGC PGR GEQ ID NG : 5 : 

U; SEQUENCE G^AR.^.G^ERISTIGG: 
LENG'H: C^ i::3se pai rc 
■ FA; TYPE: nuclec: acvj 
•C: E'RACJECNESG. single 
' 0, 'GPClOGY: 1 mean 



\ a d 



( 1 : IMMEDIATE SOURCE 

:b; SLcriE: ccioc^ct 
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^ 2''-\N[:22riEA:.. 
i-^ r,jy-\E: 221 0920 

^ ^ ;La2;\22 :.E:c2:p[[2r,: eeo io no:o 

E'^^O 2"'2A2A2GTG :A 



\ :nEG-'^A]20N E2^: OEO id \2:- 

■; 1 } 5EC2ENCE 2HAE ACTERIOTIGS : 
LENGTH: 22 Luse zc^rs 
I 2) T';=E: nL.cle"-c acid 
;l) STRANDE2NESS si-q1e 
iD) TOPOLOG^X linea- 

(v) -1 ; IMMEDIATE SOURCE: 
:B;' CLCNE: 2210919 

EEOUENCE CE2GR:~TIGN: SEO IE \0:7 

C Ti ... AGG G TG .AGG A C AGA . G 



(2; :\E0RMAT:G\ EGR 2EC id \0:8. 

U ^ EEQUE\GE GHAfl^GTER:2TI23: 
: A ) LENGTH ; 23 base cbi rs 
:.P' TYRE: nucleic cc^c 
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.R ■ TVP:- : riu;: ]•:■;': ace 
:TRA\DER\E:R smg^e 

^:r; :lonr. zc-092 3 

SRCJEMCR DESCRIPTION: REC :D V3:9: 



INFORMATION R(}R 3EQ IT NC:10; 

{ ■ ; SEjUENCE C-ARAC'ERI3TICS: 
:A; LENGTH: 27 Ods^' pairs 
(B; T'^'PE: nucAiMC dCid 
(C^ S^R-.NREDNE3:S: jmg^e 
( j; "TuROLCGV: inear 

;vi ^ ) IMMEDIATE SOURCE: 
(E) CONE: ZC:i782 

(XI : :;ECIJENCE RE0CRIRT:0N: SLQ id Ni2:10: 

G^'GGTACEA TGTACAGAGA G^GGGTA 

AO INRC-MATAOfi RA'R GEO ID NO: 11 : 



AT" SO.:^AE: 
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; REJJEMCE l RARACrER IS"^!CS : 

^ : ; S'^^ANREENE:: : ^ ^noie 
a:^^ TR-OLCG'^: : mear 

vvi ' IMKEDIA'T S'^\.,FCE: 
> E ' C.ENE: EClieEb 

(xi; EEQUE^;CE EFSC-^.:PTAjN; SEO IE N0:I2; 

(:gaggtac:a ^gtacagaga gtgggtagtg 

(G) INFGRMATION pgr SEO ID NO: 13: 

■: 1 seggengf ghararter:stigg: 

;A) LENGTH: 27 tcse pai-s 

■ E ! TYPE : njcl c ac^ ;;: 

.G* STRAKDEE\ESE : :;rnc:1e 

^ R' TOPOEOGY: 1i rear 

(VI 1 } IMHElIATE 501. RGE: 
;B; GLOfJE: EGllrZ;' 

;x-} SEGUENGE DEGErF'^ION: SEO ID \G:13: 

.^■.GTOGATOOS GGGGGGGGTG T'EGGGAA 



_ En(^ ! '"■ " _ '.Tx :;: h ;■ 
i "-^ I 'E ■ n ir ■ P i ^.c^ n 
j'-^MEEGNujS: sing"' 
T ' - ORG'S ; : ~ 1 :ie i'' 
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..1.N'a::NA ".V:]A-:Ai'Gb NCCNGiNAAR KA\WA\aA>;v: •\KWS\AAN-^^" NGARf'lG\AGN 

120 

..m^'Am:G.^,-A '-^GNGCNGG NWS\-^SMrrN GAAGAR-';a- ^"NHGNArriA: NGAV;';G\GAR 

GA A'GGAA-Y \ i"GGK::NTG VMGNAFNMG^ iWiAARlvlNT ^"■■'ACNl^ oNA G(3A^\'JGN>'GN 
.A:i) 

.vGNG:NWS\G .^^'-^GNW^A^AG NMGrj^TYGC\ GGNACMr'^T A^^VvYA'^HGA RAGNYTNAAG 

3Gu 

:' 'iA"'"^YA'^G ARGARTi^GGA ^. ■IGfiAGNCAr TG'iV.YfCC\M G\GARAG^A]Ai >'GT:iGARG~\ 

G..Mi-.G\ :ARv : ;]GlRA;A;',^vS \A:;NAAYACN TTYYAf^A^Y: GfY:::NTG^''GT \/V;;G^M"n 

RGNTG'^GrJG GNTG^fTiYr-AA YGARGARwSM Y^NA^MTG/A TGAAYAGNaS: NAGN/jSMAY 

A^GwSNMRG ARYTNTTYGA RA'-IWSNGTN CCNYTNACNU SNGTNGCNGA RYTNGT\CGN 

GANAARGTNG CNAAYCAYAG NGGli^GYA^AR ^GVYTNCCNA CNGCNCCMKG NGA^^'CCNTAY 
600 

WG^:ATMA^'^M G^iMGNV.SNAT HGARATHCCN GARGAF;GAYM GMG^WSNCA YWS^iAARMR 
G()0 

■■^TN""GYCGYA Tr:GAYA"^GYT \7GGGAYI-jG\ AA'YAARTGYA A- RG'i'G"":R''' NGARGARGAR 
7 20 

^VY'RIYNYTYG CNGGNACYGA R3AY:;AYWG\ GAY'^TNCARG AYCrNGYuYI \rGi'GGNCG\ 
780 

2AYATGATGT TYCAYGARGA YMGMTGYGAR TGYGTNTGaA ARACNCGMG ■^CGMAARGA^ 
c40 

v^'NAiriCARG AYGCNAARAA Y^GYWG^^GY TTYGARTG^^A ARGARWSNYR NGARAGNTGY 

TG'^'G-RA^.RG .iYAARYrM-7~ YCAYGC^^GAY ACNTG^A^GN-; GYGARGAY^^G M'GYCG\tty 
9A7 
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^- isolated polyrep t :l compri^jing a 

e u e n e 1 h m i r.d acid residues "hat is a ~ least 30"- 
dent acai in amano cicid sequence to res i due 3 1 C 9 ac 197 
' z SE'_ :-^0 : 1 , w:a:ire-n aaid pcl\^pepcide diTieri::ea t 

^^-'^ ^ protein that is matogeaa- for f: ibroo^as 1 3 or 
CTiiooan rruacle cells, 

2 . icolaoed pclv^eptade according to claiia 
1, wherein said polypeptide is at least 90t identical m 
amino acid sequence to residues ^.jJ to 197 of SSQ ID 
XO ; 2 . 

3 . An isolated polypeptide according to clai:n 
1 further comprising a Ealbiani ring motif carboxyl- 
terminal to said s^a\ie.ni:z^ of amino acid residues . 

4 . An isolated polypeptide according to claim 
1 comprising a sequence of am.ino acid residues as shown 
in SEQ ID NC : 2 selected from, the group ccnsisomg of: 

residues 109-205 ; 

residues 85-205 ; 

res laues 2 2-205; 

r'esidues 1- 205; 

r e s i du e s 10 3 -354 ; 

res idues 5 5 -354 ; 
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- . ^so:.5.U'-a cciypspt ^ce a::ccrd^:ig to cl - i"i 

- v/::er-:-- said aiifini-y cag i po ly:- s c i din^ , protein A, 
o.to tnione :£ transferase, substance ol an 

i-nKn:.globulin heavy chain c one t ant region. 

isolated pc:lypeptide according tc claix 
~ tortncr comprising a prcteolytic cleavage site between 
said sequence of ammo acid residues and said atfmitv 
tag . 

5. An isolated cciypeptide having an ar.ino 
acid sequence selected fror; tne group tonsistmg of: 
residues 2:^5 cf SEQ ID NC : 2 ; 

residues 3 5. - 2 j 5 c f SSQ ID NO : 2 ; 
residues 22 -2:5 cf 3HQ ID NO : 2 ; 
res 1 dues 1-205 cf S2Q ID NO : 2 ; 
residues 109-354 of SEQ ID NO : 2 ; 
residues 85-354 of SE-^ ID NO ; 2 ; 
residues 22-354 of SE2 ID NO : 2 ; and 
residues 1-354 of SEQ ID NO : 2 . 

9 . An isolated protein dirr.er having two 
polypeptide chains , v;herein each of said chains comprises 
a sequence cf amino aci d res idues that is at least S 0% 
identical m amino acid sequence to residues 109 to 1 9 
of SEQ ID NO: 2, wherein said protein is m.itogenic for 
fibroblasts t^r smooth muscle cells. 

' • ^^^'^ ■ s:-; ^ at:ed prote:o: dimer i":ccrdini: 
.o.\r:: ' wr.^-, i : ea-;'d raid chains 1-^ at : --as^: 9 -\ 

.a-o:t^.ja^ :.n ^o:i::o: oria ^o.-'..t.OL; n i e L ; ijci..;ues IZj t 1 



11- An isclotec protein dimer according to 
wneie:.n at least on- if said onams further 
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A:^ isG^a::ed prcnem dxxer according -:c 
-laix ? vnerei:: eac:: of said p I ypec t ,i de chains ocmprises 
:i sequonae f anina acid residues as 3:icv;n in SEQ IP PG : 2 
_aaividuaiiy seiected frcm tee group ccnsisring cf : 

r as icues 1 j r - 2 05 ; 

resiaues -205 ; 

r e 3 1 due s 2 2 -205; 

residues : - 205 ; 

residues 10 9-354; 

residues 35 -354 ; 

residues 22-354; and 

residu.es 1 -354 . 

13. An isolated protein dimer according to 
olaiT. 3 wnerein each of said polypeptide chains has an 
arr.ino acid sequence individually selected tror-. the group 
consisting of: 

residues i:3-205 of SEQ ID KO : 2 ; 

residues 55-205 of SEQ 33 NCa 2 ; 

residues 22-205 of SEj ID NO : 2 ; 

residues 1-205 of SEQ ID MO : 2 ; 

residues 109 -3 54 of SEQ' ID MO : 2 ; 

res idues 85-334 cf SEQ' ID :jC' ; 2 ; 

resiaues 22-354 of SEQ ID MC' : 2 ; and 

residues 1-354 of SEQ' ID NO : 2 . 

PI. A 3-;uyrec t ;.c- proa'. iced oy a r>?~h:i 



c-^1 co:r^a^n^ng . ir:A 
nj '._/p^:: ^ ^- ImK-a -j^e:Tien:u 



\\ () 9H'24S11 



PCX I sy^/zosHs 



a UNA segment: er.ccdina a polypeptide zh=\z 
IS a- least zZi laentisal as zr.e arc.ino aai^a secuense 
cf SEC li: NO: 2 frcm residue 22 to residue 35^;; aud 
a -rasssr_pt:aan t erxiriaac r ; auc 
■ ssiatiug tae p s 1 >-pep ti i ae enaadea by said ZKh 
-yrr.ea c a ad proc.uced v- said cell. 



1^ • ^ palypepaida according to claan: 14 , 
v;hereio said DNA caasaruat further comprises a secretory 
^'-g--^ seauence operahly leaked to said DNA secrraent . 



1^ . A polypep:tide accardmg to claim l-l , 
wherein said DNA segrr.ent encodes a palypeptide that is aa 
least 90% identical in amino acid sequence tc residues 22 
to 3 54 of SEC 1^ NO : 2 . 



i^ • pcl:/t!eptide according to claim; 14 , 

v;herein said DNA segment encodes a polypeptide that is at 
least 95% identical m amino acid sequence to residues 22 
to j54 cf SEQ ID NO:2. 



13. A dim.eric protein produced by a m.ethoa 
conpris ing : 

culturing a cell containing a DNA construct 
comprising the fcllowmg operably linked elements: 
a transcrip't ion promoter; 
a secretory signal sequence; 

a DNA segrn'ont encoding a polypeptide that 
:s at least B:% identical tc the amino acid sequence 
-■u^ S:i_' TP NO : 2 tram residue 22 ti rasiai.-:. 3^4; una 




a.-. . : 



Isolatana tae dimeric protein from sard cell. 
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prcteir: according to claim IB, where ir. 
cacd i:MA segnent en-odes a p c: l\'pen t: i de tinac ic at lea^^o 
3:^^ lientical m aT,rno ac:id sequence tc restdnes 22 to 

2 0 . A p r c t e c n a c cc r d i ng to c 1 a c rr. 15, where i n 
-aid DNA i^egxent encodes a polypeptide that is at least 
1^1- i.dentioal in amcno acio sequence to residues 2 2 to 
3 54 of SEQ ID NO : 2 . 

21. An iscdated polynucleotide encoding a 
po i yp ep tide a coo r d i n g to any or c 1 a Itis 1 - 8 . 

22. /^ui isolated polynucleotide according to 
olairn 2 1 v.^hereln said polynucleotide is CNA . 

2 3 . An isolated polynucleotide according to 
claim 21 whicn is from 999 base pairs to 2500 base pairs 
in length. 

24. An expression vector cor.prising tne 
follcv/ing cperably linked elements: 

a t rans crip; t ion promo tsr; 

a DNA. segment encodrng a zvegf2 polypeptide 
according to any of claimts 1-8; and 
a t ranscrit't ion t errr.inat or . 

25. An expression vector according to claim 24 
lurtner oo-mprismg a secretory signal sequence operabiy 
1 vo.ood t said 2)::a soament . 

:ntrcduoea an expression vecior according to claim 2-. , 
a pol y-p eptide encoded Cv the DMA seament . 



')S/248n PC TT S9-/20S88 



■^^ ■ cultured eukaryoric ceil cucc v/hic.u nas 

. wh-^rc_n carl cell expresses the ~KA seg-ien*: and 
f c r m '. J f a d i m e r i c p r o c e i n . 

2 e . A ni e t h o d of producing a d i :r e r c c p r c t e r r. 
ccmpr ising : 

cu^curing a eukaryctrc cell inuc whrch has been 
rntiroduced an exprsssicn vecccr according to clain^ 2 5 , 
wriereh'/ sard sard pclypeptide rs secretec IrcTi the cell 
es c dcneric prctecn tnat is ry.itcgenic fcr fibrcblasts or 

recoverrng sacd diTier ic prote in . 

29. All antrbcdy that specifically binds tc a 
polypeptide according to any of clains 1-8 . 

30. An antrbcdy that specifically binds tc- a 
drxerrc prctein havrng two pclypeptide chains , wherein 
each cf said chains cc mprrses a sequence cf amine acid 
residues that is at least 8::% identical in acimc acid 
sequence to residues 1C9 tc 1 S- 7 cf SEQ ZD NO : 2 , wherein 
saia protein is mitogenic fcr fibrcblasts or sT.coth 

31. A me t hod c f promo t r ng cell growt h , 
c c>rrp rising i n c uba 1 1 ng e uk a r y o tic cells in a culture 
nedium ^ :cmpi' i s i ng a dimer ic prctein havinci cwc 
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:^:^_d c^illx^ ar^i fioroclasts cr STioctn xu^z^cle cells. 

3^. A n^enhod of iden.^ 1 f y i:^cT a:. ir.::-blC2r cf 
rel_ n:l r. " crenes 1 s , ccmp rising: 

prc^'i. dmg sells respcnsi'/e a d:Lmersc prsce.^r: 

-aving t'A^c: polypeptide shalns , v/nerein each ol saia 
■ : : a i r i s c mp rises a sequence c f a nrd no a s i d residues t na t 
:s at least 801 iiientical in at^mc actd sequence residues 
i'-i^ 1^'" tt SSQ ID TO: 2, wherein said orctetn is 

niltcaen-c far fibrt^b lasts or sxcctdc muscle cells; 

culturing a first portion of said cells m the 
p r e s e no e rf said di me r i c pro t e i n ; 

culturing a second portion of said cells in the 
presence of said dmeric protein and a test sample; and 

detesting a decrease m a cellular response of 
said second psrtion of said cells as compared to said 
first portion of said cells. 



34. A Tethod of de testing a gr o v;t h factor 
antagonist, comprising assaying a test sample for the 
ability to reduce binding of a protein to a receptor, 
wherein said protein is a d i m e r i c protein n a v i n g two 
polypeptide chains, wherein each c>f said chains comprises 
a sequence of amino acid residues that is at least 80% 
identical in amino acid sequence residues 109 to 197 c^f 
SKQ ZZ NO:2, wherein said protein is mitogenic ft.r 
fibx-oblasts or smiooth Tiuscle cells. 
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